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IV. — Sub-order : CORALLIOPSIDA. 

Family: BICETEOFENID^. 

I create this sub-order, as well as this family, to contain a single genus, Rieht- 
hofenia, Kays., a fossil which exhibits such strange a%d conflicting characters that 
I am in doubt whether even the prominence I give to it, in creating a distinct sub- 
order for it, will be sufficient to bring out the quite separate position it holds, not 
only among the Brachiopoda, but also among the whole of the mollusea and mollus- 
coids. 

In the Records of the Geological Survey of India, Vol. XYI, part 1, 1883, 1 
have given a preliminary description of these fossils, and in that paper I came to 
the conclusion that we had to deal with a form of shells more or less related to tlie 
Brachiopoda, but showing at the same time many characters which are generally 
found in corals, and exhibiting, moreover, some peculiarities which recall to a cer- 
tain extent the Rudista. Ever since the publication of that paper I have conti- 
nued my studies on these fossils ; and though in the general structure of the sliells 
little that was new remained to bo ascertained, there was the microscopic structure 
of the shell-substance to be studied more in detail ; this has not, however, resulted 
in a clearer elucidation of the systematic position of these animals. 

After prolonged and very careful reconsideration of all the fjuds relating to 
these fossils, I have come to the conclusion that the probability is strongest in favour 
of their being Brachiopoda ; and that if this be the case, they have to be placed in 
the vicinity of the Rroductidcc, at the end of the Arthropomatu, My reasons for 
this course were the following : — 

The question is reduced to a simple alternative, either these fossils arc Brachio. 
poda or they are corals ; the third position hinted at in my former paper, as to whe- 
ther they might not belpng to the Rudkta, is no longer to be considered, as niy 
appeal to the scientifle public on this account has met with no response. The point 
should not, however, be wholly lost sight of. 

Now, as regards placing these fossils among the corals, the reasons to be adducc'd 
against such a decision arc numerous : First, there is the very vivid silky lustre of 
the shell, a thing which but very rarely and never in this degree occurs in corals. 
Then the three vertical septa of the larger valve have a rather median position, form- 
ing a kind of columella, and have no connection whatever with the outer walls of 
the shell, so that they can only be made visible by a section, and never by et(.diing 
away with acid the epitheka, or any such structure, as can generally be done with 
corals ; and I have never seen a coral with the septa restricted exclusively to the 
columella, and totally absent beyond it. A third point of discrepancy consists in 
the hingelino, which is straight and smooth, without the slightest trac^c of dcnticula- 
tion, — a hingeline which never occurs in this form in an qperculated coral. A foui tli 
strange character is the existence of a distinct pallia! impression along the upper 
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margin of the larger valve. But what overrules all the other points is the existence 
of muscular impressions in botli valves, as will be described further on. As against 
these characters in which they deviate from corals, we find only the general conical 
outline, the root-like hollow processes protruding from the surface of the larger 
valve at irregular distances, and a cellular structure of the median shell-layer in 
connection with numerous partitions or tabulcc filling the lower part of the same 
valve ; characters which occur also in the rugose corals. These are not, however, of 
very material importance : the more or loss regular conical form is only an appar- 
ent one, as 1 shall have occasion to show presently ; the root-like appendages occur 
as well in sj)ecies of Froductus ; and even the cellular structure and the partitions 
occur in such strangely developed forms of Brachiopods as Prod, prohoacidem, as has 
been kindly communicated to me by Prof. Lindstrom, no sufficiently well-preserved 
s])ecimens of that s}jecies being at my disposal for dissection. Thus we see that the 
peculiarities by which the Itichthqfenm seem to be linked more or lees closely to the 
corals, are not exclusively restricted to that latter class of animals, but occur also in 
known aberrant forms of the Ji rachiopoda . 

As regards the placing of the Itichthofenim in the Brachiopoda, several 
reasons can be adduced in favour of it. First of all the silky lustre of the shell 
resembles exactly that occurring in Productus and allied genera ; then the fine punc- 
tation of the shell is also exactly like that of Produedua. For other similarities 
■we must examine each valve sc'parately. The smaller valve is hemmed in at its 
upper end by a not very long straight hingeline, which is interrupted in the middle 
by a prominent knob composed of two short elevated ridges, which are either 
parallel or converge somewhat in one or the other direction. The knob is limited 
on both sides by somewhat sloping triangular shelly faces extending between the 
knob and the lateral terminations of the hingeline. The median prominent knob 
may w^ell be taken as a kind of cardinal process, which fits into a semi-circular 
emargination of the hingelinc of the other valve. This emargination is bridged 
over by a vaulted shelly piece corresponding exactly to the pseudodeltidium of 
Slrophaloaia or Auloategea. I'liis pseudodeltidium docs not, however, show exter- 
nally on the larger valve, but !i])pears only when the rather tliick shell is broken 
away, and a partial internal cast is produced. Then also a kind of area appears, in 
the middle of which the pseudodeltidium is situated ; it begins at the apex of the 
valve and extends down to the hingelinc, corresponding in breadth to the length 
of that line. The homology of these shell-parts with the corresponding parts of 
tlie Brachiopoda was first pointed out to me by Prof. Lindstrom ; but there remains 
the difficulty, that these parts do not show outside the larger valve, but only appear 
when the greater part of the shell is broken away and only the innermost coating 
remains. To understand this we must study the shell-structure in the larger valve. 
When we examine that part where the margins of the two valves touch each other, 
w'e find that the smaller valve is sunk into the large one, and that the margins of 
the latter extend far above and beyond the smaller valve. These projecting parts 
of the larger valve were secreted by a rather moveable fringe of the mantle of the 
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animal, whicli did not deposit one shell layer above the other quite regularly, but 
in the most irregular way became vaulted and wavy in all directions, so causing 
the formation of innumerable more or less hemispherical cells in the median shell- 
layer ; only in the outer wall of the shell did it form again a continuous shelly 
deposit. This mantle-fringe was not restricted to the frontal and lateral parts of 
the animal, but protruded also over the hingeline, forming outside of it the same 
cellular layer as on the other parts of the shell, and thus the forms of the area 
and pseudodeltidium wore quite obliterated on the outer surface of the shell. 
Prom these considerations it would appear that we must take the partial internal 
cast (Plate LXXXIII, fig. 16) as representing the real shape of the shell, and 
the outer form of the specimens as produced by an exuberant growth of the shell- 
substance. 

In intimate connection with the above peculiarity in the growth of the shell is 
the existence of a chambered lower part in the larger valve. This valve seems to 
grow in length more rapidly than the animal augments in size, and thus the animal 
is forced to chamber oif those parts of the valve which it cannot fill with its body. 

The next point which requires consideration in connection with the Brachiopod 
nature of these fossils is the muscular impressions. In the smaller valve we have 
two large muscular impressions on both sides of the middle line, not far from the 
hinge-margin and the cardinal process. These impressions, with their many roundish 
emarginations along the upper and outer borders, have, it must be confessed, not 
much similarity to the muscular impressions of other Brachiopoda. That they are, 
however, really muscular impressions, appears highly probable from a consideration 
of the other valve. 

In my note on the genus Bichthofenia in the “ Records,” I described the 
median septum of the larger valve, and added that from this septum on both 
sides some low secondary septa originate, showing on the whole a pinnate arrange- 
ment. Some preparations subsequently made have shown me that we have not to 
deal here with secondary septa, but with deep emarginations of a muscular impression 
of exactly the same pattern as the one on the smaller valve. But the impression 
only just touches the bottom of the valve with its lower margin and extends for the 
greater part up the lateral face of the septum, so that the septum itself wdth its two 
lateral faces serves for the support of a pair of muscles, which must be taken as 
adductors, according to the placement of the impressions of the same muscles in the 
smaller valve. 

Beyond and somew'hat below these impressions, on the inner side of the two 
lateral septa, the deep pocket-shaped grooves arc situated, as described in my former 
note. These deep grooves must probably also be taken as muscular impressions, and 
they can only be the pair of (anterior) divaricators, extending from the, grooves up 
to wdiat was described above as a sort of cardinal i)rocess. 

The septa themselves have, so far as I am aware, no analogue whatever in other 
Brachiopoda ; their presence also must probably be explained through the excessive 
growth of the larger valve, to which cause all the other peculiarities have l)een 
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attributed. To make sure of all these points, it would be necessary to examine quite 
youiij^ specimens of these fossils. I think it should not be difficult to find such; but 
J n'grct to say that there are none among the materials at my disposal. Thus my 
d('diictious must remain to a certain extent conjectural and uncertain. 

To recapitulate what has been said on the relations between the BracMopoda 
and tlic llichthofcni(V ; we have seen that in the smaller valve there exists a kind of 
cardinal pi’ocess, a straight not denticulated hingelinc, and very largo muscular 
imi)ressious on both sides of a well-developed, sometimes bipartite, median septum. 
In the large valve we have also a straight hingcline, which is interrupted in the 
middle by a kind of pseudodeltidium. This latter is situated in the middle of 
something like an area, and extends to the apex of the valve. In the interior the 
adductor impressions arc situat('d on the lateral faces of a short median septum, and 
the divaricators arc inserted in deep pockebshaped grooves situated outside and in 
front of the adductors. If, then, all those interpretations of the different parts are 
correct, there can be but little doubt that the fossils bearing these characters must 
be considered as Bvachiopoda ; and they must moreover, on account of the position 
of tbe muscular impressions, be placed in the order Arlhropomata. 

From the same considerations and interpretations, the degree of affinity of these 
fossils to the different groups of the Brachiupoda, and to other classes of the 
molluscs and molluscoids, may be judged. Though there cannot be any doubt that 
tbe Bi(dilhofeni(i; form part of the J rlhropomata , yet the difference from other 
forms of this order is very grt'at indeed. Already the external shape is very extra- 
ordinary, and not like that of any other Brachiopod. There is, as far as I am aware, 
no case known up to the present in which the area and pseudodeltidium is entirely 
covered up by an excessive growth of the shell, or in which the smaller valve is 
sunk in so deeply into the larger one. The shell-structure of the larger valve seems 
also very unusual, though, by Dr. Lindstrom’s discovery of a similar structure in 
Prod, prohoscidens, this feature is no longer so peculiar. The muscular apparatus 
of tbe Richihofemx is far more abnormal. In the smaller valve only one pair of 
very large impressions with a strangely indented outline is observable, while in the 
other valve there exist two jjairs of impressions, one pair for the adductors, another 
for the divaricators, as in other BracMopjoda. The position of these impressions is, 
however, very peculiar. The adductor impressions arc situated on the lateral faces 
of a prominent median septum, and the divaricator impressions are sunk in deep 
narrow pocket-shapeal grooves, having their faces probably turned laterally and not 
horizontally. Of a brachial apparatus, properly speaking, nothing exists in these 
shells, unless the three upright septa in the middle of the larger valve should possibly 
be comi)ared to the median prominence in Crania and allied genera, which latter 
organ also serves for the; suj)port of the brachial apparatus. 

If all these peculiarities indicate already a very great difference between the 
Bichthofenia: and the other BracMopoda, there are some other characters which 
mak(! this difference far more apparent. In speaking of the characters of the 
smaller valve, I mentioned that on both sides of the cardinal process between it and 
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the hingeline there extended sloping, triangular, smooth faces. Tlicse faces might 
very well have served for the insertion of a ligament ; hut after all that has hcen 
said on this point in the description of the genera Aulosteges and Producliis, it 
would not be very -perplexing if a ligament had existed in the Richthofenia. By 
far more strange is the existence of a pallial impression in the RiclUhofenia;, — a 
character which has, as far as I am aware, not yet been described in any Brachiopod, 
except, perhaps, in Thecidea and Crania. Tliis pallial impression is to be found 
immediately below the prominent margin on vvliich the smaller valve rests. It is 
composed of a series of furrows, all parallel to the margin, and occupying together 
a breadth of about 5 mm. These furrows are, however, absent below the liingeline. 
It is hardly possible to suppress the opinion that we have here really to deal with a 
pallial impression. There is further another very perplexing fact in the emarginahul 
condition of the adductor impressions in both valves. I know of no Brachio})od in 
which such impressions occur; but in Pelecypoda, they may exccjdionally bo 
observed. If, for instance, we examine attentively old specimens of living species of 
Sporidylust wo find very distinctly emarginatod muscular impressions not dissimilar 
to the impressions of Richthofeuia ; the muscular impressions of the true Rudisla 
are also not quite dissimilar. 

To sum up all that has been said on the affinities of the Richlhofcniai, we have 
found that these shells most probably belong to the Bruchiopoda, but that they 
constitute so strange a group within this class, that though they may be assignable 
to the Arthropomata, yet they cannot bo placed immediately in the vicinity of any 
known group. They show on the one hand external affinites to the corals, and on 
the other structural affinities to the Pelecypoda. This conflicting evidence alone 
will justify my considering them at least as a proper sub-order, for which I intro- 
duce tlie name of “ Coralliopsida.” 

Prof. Knyser, in his description of these fossils in Richthofen’s “ China,” thinks 
it most probable that they should be brought into connection wdth the Craniadee. 
Though this cannot be done on account of the position of the muscular impressions 
as described above, yet I must confess that I am myself also much inclined to 
consider these forms as to a certain extent transitional between the Arthropomata 
as a whole and the Craniadee. 

We shall see in the description of the Crauiadoe occurring in the Salt-range, 
that there existed forms which make such a transition yet more probable. 


Genus: RICHTHOFENIA, Kayscr. 

After a careful study of all the available materials of these fossils, it is consi- 
derably more easy to give a characteristic of them ; the characters of the genus may 
now be framed in the following manner : 

The shell is composed of two valves, one smaller and one larger. The smaller 
valve is entirely flat or even concave ; the larger valve is elevated, conical, and very 
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irregular in its outline. Thus the general shape of the shell is irregularly conical, 
showing at the same time a more or less eircular transverse section. 

This general shape is, however, only a distorted one, caused by an excessive 
growth of the large valve, by wliich certain characters of the outline are covered up, 
and are not observable in the intact shell. 

The two valves articulate in a straight hingeline, sometimes very short, some- 
times somewhat longer, interrupted in the middle by a prominent cardinal process in 
the smaller, and by a small scini-circular emargination, covered by a kind of pseudo- 
deltidium in the larger valve. 

The circumferential outline in the two valves is thus very different. The 
smaller valve is limited on the one side by the straight hingeline, which is followed 
laterally by rather deep emarginations, while the lateral and frontal margins are 
well rounded, forming together a transversely oval outline. In the larger valve, on 
the contrary, though the straight hingeline exists, and also laterally two thickened 
parts fitting into the emarginations of the other valve, yet the circumferential outline 
is circular or transversely oval, and none of these parts show externally on the valve, 
but appear only when the large i)art due to the exuberant growth of the shell-sub- 
stance is removed. Then one can observe that the straight hingeline corresponds to 
a flattened area extending to the apex of the conical valve, and in the middle of 
which a vaulted pseudodeltidium is placed. In the Indian species of lUchthofenia 
this pseudodeltidium is narrow in comparison to the breadth of the area, w'hile it is 
very broad in the Chinese sjiecies. On both sides of the area there extend deep 
impressions, which are filled with the thickened shell when complete. The 
remainder of the valve shows a more or less circular or transversely oval outline, 
often with a low indentation opposite the hingeline. 

The external appearance of the two valves is also very different. In the smaller 
valve the external surface shows a fine granulation, betw'een which can be observed 
very fine concentric striae of growth. In the surface of the larger valve two regions 
arc distinguishable. The first region is that turned to the outside of the valve. It is 
covered by a great many irregular concentric wrinkles, which are from distance to 
distance drawn out into prominent points, through wdiich hollow, root-like, tortuous 
sj)incs proceed. Sometimes a very fine longitudinal striation can also be observed 
on this surface. The cause of this striation can be seen when the outermost layer 
of the shell is removed. Then a very fine punctation appears, which is sometimes 
arranged in approximately vertical row's, by which arrangement the striation is 
produced. The second region of the surface of the larger valve is that at the upper 
end. This valve does not terminate where it is met by the other valve, but extends 
often considerably in advance of it, either vertically or laterally. The internal 
surface of this extended part of the valve shows the same fine granulation as that 
covering the external surface of the smaller valve. The valve is fastened by the 
apex as well as by the root-like spines to foreign bodies. 

The substance of the shell in both valves has a dull silky lustre when entirely 
preserved ; and this lustre is very vivid when the outermost layer of the shell is 
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removed. Then, also, a fine punctation appears, in which, among the numerous 
very fine punctures, some larger ones are disseminated. 

Such are the external characters of the genus. The internal characters are 
only very imperfectly known in the Chinese species, and I shall only introduce into 
the characteristic of the genus those features which are known to exist in the 
Chinese as well as in the Indian shells. 

In the smaller valve the cardinal process bears a pair of short, prominent ridges 
which fit into the cavity of the pseudodeltidium. In front of those a low hut 
distinct median septum extends nearly to the front of the valve ; it is sometimes bifid 
towards the hingeline. On each side of this septum in the Indian species, there is 
a large muscular impression. 

In the larger vajve the median part is occupied by three short, upright septa, 
which may perhaps correspond to the nose-like process in the middle of the valve 
of Crania ; in the vicinity of it two pairs of muscular impressions are situated. 
The lower part of the valve is chambered off by many partitions, through which the 
septa extend vertically. The bottom of the uppermost chamber in which the 
animal lived is very uneven. The lateral parts form deeply hollowed grooves, 
whQst from the hingeline to the septa there extends a sloping plane, and from the 
septa to the front a more or less broad, rounded, elevated saddle is observable. The 
whole internal surface of this valve is covered with small, prominent, roundish 
tubercles and some granulations. From the outer walls of theanimal chamber short 
vertically-placed ribs project towards the interior at irregular distances, bearing at 
their upper termination the entrances to the hollow, tortuous, root-like spines, which 
have been described above. 

These characters will suffice to recognise the genus under all circumstances. 
The affinities of the genus have been discussed in the introduction to the family, 
and thus there remain only some words to be said about the species contained in 
the genus. 

The genus was founded by Prof. Dr. E. Kayser, on two specimens collected 
by Baron von Richthofen at Lo-Ping in China, and which were identified by Prof. 
Kayser with the fossil that had been formerly described by Mons. dc Koninck from 
the Salt-range under the name of Anomia lawreuciana. Owing to the great liber- 
ality of Geheimrath Beyrich at Berlin, I am in a position to make a close comparison 
of the Chinese fossils with the Indian ones, as he with great kindness sent me these 
two very precious specimens for further study. 

From this comparison it now appears with certainty that the Chinese fossils, 
though beyond doubt generically identical with Anomia laicrenciana, belong to a 
different species, for which I wish to introduce the name of Michthofenia sinensis^ 
Waagen. It differs from the true Richth. laiorenriana by the very short hingelino, 
and the larger cardinal process in the smaller valve. The median cystoid shell-layer 
is also much less strongly developed, and the partitions in the apical part of the 
larger valve have a different shape in the Chinese fossils, so that it cannot be subject 
to any doubt that Elcht. sinensis is a species different from Bicht. laicrenciana. 
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irregular in its outline. Thus the general shape of the shell is irregularly conical, 
showing at the same time a more or less circular transverse section. 

This general shape is, however, only a distorted one, caused by an excessive 
growth of the large valve, by which certain characters of the outline are covered up, 
and are not observable in the intact shell. 

The two valves articulate in a straight hingeline, sometimes very short, some- 
times somewhat longer, interrupted in the middle by a prominent cardinal process in 
the smaller, and by a small semi-circular emargination, covered by a kind of pseudo- 
deltidium in the larger valve. 

The circumferential outline in the two valves is thus very different. The 
smaller valve is limited on the one side by the straight hingeline, which is followed 
laterally by rather deep emarginations, while the lateral and frontal margins are 
well rounded, forming togctlicr a transversely oval outline. In the larger valve, on 
the contrary, though the straight hingeline exists, and also laterally two thickened 
j)arts fitting into the emarginations of the other valve, yet the circumferential outline 
is circular or transversely oval, and none of these parts show externally on the valve, 
but appear only when the large part due to the exuberant growth of the shell-sub- 
stance is removed. Then one can observe that the straight hingeline corresponds to 
a fiattened area extending to the apex of the conical valve, and in the middle of 
which a vaulted pseudodeltidium is placed. In the Indian species of Richthofenia 
this pseudodeltidium is narrow in comparison to the breadth of the area, while it is 
very broad in the Chinese species. On both sides of the area there extend deep 
impressions, which are filled with the thickened shell when complete. The 
remainder of the valve shows a more or less circular or transversely oval outline, 
often with a low indentation opposite the hingelinc. 

The external appearance of the two valves is also very different. In the smaller 
valve the external surface shows a fine granulation, between which can be observed 
very fine concentric strim of growth. In the surface of the larger valve two regions 
are distinguishable. The first region is that turned to the outside of the valve. It is 
cov(^red by a great many irregular concentric wrinkles, which arc from distance to 
distance di’awn out into prominent points, through which hollow, root-like, tortuous 
spines proceed. Sometimes a very fine longitudinal striation can also be observed 
on this surface. The cause of this striation can be seen when the outermost layer 
of the shell is removed. Then a very fine punctation appears, which is sometimes 
arranged in approximately vertical rows, by which arrangement the striation is 
produced. The set^ond region of the surface of the larger valve is that at the upper 
end. This valve does not terminate where it is met by the other valve, but extends 
often considerably in advance of it, either vertically or laterally. The internal 
surface of this extended part of the valve shows the same fine granulation as that 
covering the external surface of the smaller valve. The valve is fastened by the 
apex as well as by the root-like spines to foreign bodies. 

The substance of the shell in both valves has a dull silky lustre when entirely 
preserved ; and this lustre is very vivid when ihe outermost layer of the shell is 
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removed. Then, also, a fine punctation appears, in which, among the numerous 
very fine punctures, some larger ones are disseminated. 

Such are the external characters of the genus. The internal characters arc 
only very imperfectly known in the Chinese species, and I shall only introduce into 
the characteristic of the genus those features which are known to exist in the 
Chinese as well as in the Indian shells. 

In the smaller valve the cardinal process bears a pair of short, prominent ridges 
which fit into the cavity of the pseudodeltidium. In front of these a low but 
distinct median septum extends nearly to tbe front of the valve ; it is sometimes bifid 
towards the hingeline. On each side of this septum in the Indian species, there is 
a large muscular impression. 

In the larger valve the median part is occupied by three short, upright septa, 
which may perhaps correspond to the nose-like process in the middle of the valve 
of Crania ; in the vicinity of it two pairs of muscular impressions are situated. 
The lower part of the valve is chambered off by many partitions, through which the 
septa extend vertically. The bottom of the uppermost chamber in which the 
animal lived is very uneven. The lateral parts form deeply hollowed grooves, 
whilst from the hingoline to the septa there extends a sloping plane, and from the 
septa to the front a more or less broad, rounded, elevated saddle is observable. The 
whole internal surface of this valve is covered with small, prominent, roundish 
tubercles and some granulations. Prom the outer walls of theanimal chamber short 
vertically-placed ribs project towards the interior at irregular distances, bearing at 
their upper termination the entrances to the hollow, tortuous, root-like spines, which 
have been described above. 

These characters will suffice to recognise the genus under all circumstances. 
The affinities of the genus have been discussed in the introduction to the family, 
and thus there remain only some words to be said about the species contained in 
the genus. 

The genus was founded by Prof. Dr. E. Kayser, on two specimens collected 
by Baron von Richthofen at Lo-Ping in China, and which were identified by Prof. 
Kayser with the fossil that had been formerly described by Mons. de Koninck from 
the Salt-range under the name of Anonda lawrenciana. Owing to the great liber- 
ality of Geheimrath Beyrich at Berlin, I am in a position to make a close comparison 
of the Chinese fossils with the Indian ones, as he with great kindness sent me these 
two very precious specimens for further study. 

Prom this comparison it now appears with certainty that the Chinese fossils, 
though beyond doubt gencrically identical w'itli Anomia lawrenciana, belong to a 
different species, for which I wish to introduce the name of Richthofenia sinensis, 
Waagen. It differs from the true liichth. lawrenciana by the very short hingeline, 
and the larger cardinal process in the smaller valve. The median cystoid shell-layer 
is also much less strongly developed, and the partitions in the apical part of the 
larger valve have a different shape in the Chinese fossils, so that it cannot be subject 
to any doubt that Richt. sinensis is a species different from Richt. lawrenciana. 
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As r('£:ar(ls the {geological and geographical distribution of the genus, it has up 
to ibo present bex'ii detected only in upper palseozoic beds of China and India. In 
the former country it ocunirs in undoubtedly upper carboniferous deposits, whilst in 
India it extends through the whole Productus-limestone, thus probably reaching the 
j)ermean age. 

1. Richthofenia LAWiiENCiANA, Koninck, sp., PI. LXXXII, fig. 1, 
LXXXIIA and LXXXIII. 

Anomxa hucvvnriana „ Koniiifk : Quart. Journ., Gcol. Soc., Lond. vol. XIX, p. G, pi. IV, 7, 8, 9. 

ISGIk Anomia lawt'cnciann^ Koninck : P 088 . palooz. do I'lndo, p. 18, pi. Ill, fi^s. 7, 8, 9. 

1881. /(/MV’OTicirt/ia (Koninck, sp.), Kayser : Zoitschr. d. Deiitsch. Geolog. Ges., vol. XXXllI, 

p. Hoi, (pars). 

18Sw. Anomia {EIrhthoJ'tnia) htwrenriana (Kon. sp.), Waagon : Nen. Jahrb. f. Min., 1882, vol. I, p. 116. 

188H. liichthofvniii lawrcnciana (Kon.), Waagon : liccords, Gcol. Surv. of India, vol. XVI, part I, p. 12, 
pLs. I. II. 

188H, Eii'^tthoft nia laicrcnoiana (Kon.), Liiidstrom ; liichtliofen’s China, vol. IV, p. 74. 

ISSH. liichthofinia Liwrenriava (Kon.), Ktiysor: Kiclithofon's China, vol. IV, p. 195 (pars.: quotations from 
India), jd. XXIV, tigs. ti. 7, 8 (non 4, 5). 

Already Mens, de Koninck, in describing this very strange fossil in 1863, re- 
marked that it was among the most interesting that were brought by Dr. Fleming 
from India, and that though in its general appearance more similar to an Anomia, 
yet by the oeeurreTa.i of spines on the larger valve it to a certain extent resembled 
Frodnetns, and thus in these few sentences the whole difficulty encountered in the 
classification of this fossil was already foreshadowed. 

'J'hougli I have described this fos.sil already somewhat in detail in the Records, 
yet I must here in great part repeat that description ; on the one band, because this 
monograph should be complete ; on the other, because 1 have since then learned to 
understand more clearly several points in the structure of the fossil, and thus the 
d(!Scription will have to he completed and corrected in several points. 

The fossil imusists of two valves, one larger and one smaller. The larger is of 
an elevated conical shape, with the apex fastened to some foreign body. The 
smaller valve is flat, more or l(*ss sunk into the larger one. The two valves articulate 
by a not very short hingeline, wliich, however, docs not appear in the outer aspc'ct 
the coni(!al valve ; it is only marked inside it. At both ends of the liingcdinc tlie 
smaller valvT is cut out in a semicircle to receive thickened j)arts of the shell of the 
larger val\ e. The out(!r side of the larger valve is rugose, provided with many con- 
centric wrinkles and hears a variable number of hollow, depressed, diverging, tortu- 
ous tubes, which, on the one hand, resemble the root-like appendages of some rugose 
corals, and on the other, can he compared to the hollow spines of some ; 

the resfuuhlance to the latter is chiefly striking because of the silky lustre of the 
shell Kuhstanee of which they are composed. On the whole, the shell of the fossil is 
rather dull when intact, and of a vivid silky lustre when the outermost layer 
of the shell is Avorn off. There also appears a very close punctation, similar to that 
occuriiug in tin; shell of Produclun ; it is barely visible to the naked eye. 
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The punctures are not all equal ; some larger ones of two sizes are disseminated 
irr<}gularly between great numbers of smaller ones. These punetures are some- 
times arranged in tolerably regular vertical rows, and then even the outer shell- 
layer on which the punctures are not visible apjiears as if very finely striated longi- 
tudinally. 

On the smaller (flat) valve the hollow tubes, which are so very characteristic of 
the larger valve, are altogether absent. When the shell substance of this valve is 
perfectly preserved, it is strewn over with very numerous small papillae that 
project slightly from the surface of the shell. ^'Iic same papillae are to be found 
on the upper and inuer face of that part of the large valve which projects beyond 
the smaller valve. Wo shall see in the description of the micjroscopical structure 
of the shell that these papilbe form the entrances to the little canals which piercic 
the shell substance of the large valve. It has not been possible to make micro- 
scopical sections of the smaller valve, but the presence of the same papilhc suggests 
the presence of the same canals in this valve also. On its interior side this smaller 
valve bears a distinct, but not very high, median septum, extending from near the 
margin opposite tlie hingeline nearly to the middhi of the valve. Here it is often 
replaced by two parallel ridges, which in other specimens, however, are combined in 
one broader septum. On both sides of this septum large muscular impressions, more 
or less rounded, arc very strongly marked and distinctly indented on the side near- 
est the hingeline ; on the side opposite to it they are less strongly marked, but seem 
to be also indented. In the middle of the hingelitie there are, vertical to it, two short 
and thick prominent more or less parallel ridges, not dissimilar to hingctceth ; they 
are, however, about equally high throughout. Tluiy are not in connection with the 
median septum , but are separated from it by a smooth space. They do not protrude 
much above the hingeline, but yet sufiiciently so to be considered as forming together 
a kind of cardinal process. On the sides of these ridges no trace of dental grooves 
can be seen. Along the frontal or outer margin itself, not far distant from it, 
more or less numerous curved thorns occur, directed towards the interior of the 
shell, similar to those in some ProducU. 

The stru(!ture of the larger valve is far more complicated. It consists of two 
distinct parts ; the lower, from the apex of the valve to about the middle of its 
height, being composed of very numerous narrow water-chambers divided off by 
very thin shelly partitions ; and the upper, forming a large hollow for the reception 
of the animal. The partitions in the lower part of the shell are very irregular, on 
the whole convex below and concave above ; not so, however, for their whole extent, 
as about in the middh; they are bent upwards, forming something like a columella, 
as it is called in corals. This bending up is caused by three vertical septa, which 
extend from the apex of the shell through all the partitions up to the animal-cham- 
ber. These septa are narrow, upright, shelly lamclloe, of which the middle one com- 
mences not very far from the hingeline and is in direction perpendicular to that line, 
whilst the tAvo lateral ones converge from both sides towards the frontal termination 

B 
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of the median one. In transverse sections of the valve it often appears as if a 
ti'i:iu;,Mil:ir s[)aec was entirely partitioned off from the remainder of the shell by 
t hese lateral septa in connection with the hingeline. This is, hov'cver, in reality not 
t he case. The septa arc in no connection whatever either with the hiugcline, or with 
;iuy oth('r pai’t of the outer wall of the shell ; they arc narrow, upright, shelly 
lamellm, resembling somew'hat the blade of a knife. The appearance as if they were 
in connection with tlx hingcline is only brought about by the partitions of tlie 
water-chambers, which in this region often ascend quite vertically, and can then only 
ivith difficulty be distinguished from the septa. The partitions extend between and 
around the septa, bent in various directions, up to the hingeline. 

The animal-chamber is tolerably large ; the bottom of it is, bowever, situated 
at i (*ry different levels. The space between the 8ej)ta and the hingeline is much 
more* shallow than the remainder of the chamber ; but the latter also is not even, 
as from the centre of the shell a rounded eiv'st extends to the wall opposite to the 
hingeline, forming a shallow saddle. On each side of this crest is a deep hollow, 
which occupies the whole lateral parts of the animal-chamber. The wdiole bottom 
is covered by an irregular, tolerably minute grooving. 

Tlu; throe vertical septa project into the animal-chamber as three high, upright 
))lates, which converge tow.ards the centre of the shell and are highest near this 
c(‘ntrc. The median one is highest and never curved in any Avay, but the lateral 
ernes are often, or nearly always, con(!av(; on their inner and convex on their outer 
side. The upper margin of all thret; is crenulatcd. They never unite but remain 
always apart, though they approach each other very nearly in the centre. From 
their higlicst point they descend vertically to the bottom of the animal-chamber; 
on tlie other side, however, between them and the hiugcline, then; is an ascending 
plane, none of the septa reaching the hingelioe. Thest; septa seem to have served, 
to a certain extent at least, for the insertion of the muscles. 



Ftg. 24. llirUTllOFENIA LAWKENCIANA, Kon. 
Somewhat schematic section through the 
ventral valve from the hingeline to the front, 
showing the animal-chamber and the partitions 
below. In the former, the upright median 
septum is observable, with the emarginated 
muscular impression on its lateral face. The 
j)ocket-shaped groove for the reception of the 
divaricator is cut oi)en. The lateral septum, 
with its vertical striation, is exposed below it. 
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On both sides of the median septum, and extending up the lateral planes of this 
septum, there arc large muscular impressions exactly of the pattern of the impres- 
sions of the other yalve ; these are deeply indented on their lower side, and have on 
the whole a somewhat roundish triangular shape. The indentations reach often far 
up the lateral faces of the septum. The two lat(nal septa are limited on their inner 
side hy deep pocket-shaped grooves, in which probably also the insertion of muscles 
look plact!. The place of insertion was probably the septum itself, as, in several 
specimens, I found that the; inner side of these septa showed irregular thickenings, 
probably produ(!ed by muscular insertions. The outer sides of the lateral septa arc* 
ju’ovided with a very fine longitudinal striation. 

The hingeline is quite straight and smootli, and shows only in the middle 
a slight rounded sinuation for the reception of the cardinal process of the other 
valve. 

The inner side of the outer walls of the animal-chamber, as well as the inside of 
tlu! outer walls of the larger valve in general, is provided at very irregular and 
uni'qual distances with tolerably broad and sharp, but not very prominent, vertical 
ridges, some of which begin a short distance below the upper border of the animal- 
chamber, and disaj)pcar before reaching the bottom ; wdiile others begin lower down, 
and then reach to the bottom and extend even below it. Tlie upper termination of 
each of these ridg(^s bears a rounded foramen, which forms the cntram;e to the hollow 
root-like tubes which can be observed on the outer side of the shell, as has been 
described above. Tins foramen, however, docs not pierce the wall directly, but the 
tubt! descends nearly vertically and appears at the outer side of the shell only in 
the vicinity of the apex. 

All round the upper border of the animal-cdiamber, but a good distance Indow 
the margin of the valve, a thickened prominent ledge occurs, below which again a 
number of impressions parallel to the margins can be observed. The wdiolc seems 
to be exactly (!omparable to a pallial impressio]i. 

The substance of the shell is of a very singular structure!. It is composed in 
the larger conical valve of the three layers. The outer one is very thin, dull, and 
compact outside, and of a silky lustre, inside, provided with the characteristic punc- 
tation and striation mentioned above. The median layer, the thickest of all, though 
very irregular in its thickness, is composed of a])proximately h(!misj)herical cysts, 
arranged very irregularly and interrupted at iuUirvals by perfectly straight, radial, 
very pointedly conical, thin shelly tubes, which ap])arently arc most numerous in the 
thickened shelly parts at both ends of the hingeline, and which require! further cxplan- 
atioji. They begin at the outer shell-layer with a slightly broader base, and extend 
in a more or less ascending direction tow'ards the inner portions of the shell. They 
appear more or less polygonal in the transverse seel ion. All do not with their sharply 
pointed ends reach the innermost shell-layers ; indeed most of them stop about half 
way. Nor do all of them originate from the outer shell-layer, for some start from 
the wall of some cyst in the median layer of the shell. They form, as has been said 

n 1 
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nbovo, very ihin tubes, whicli apparently communicate with the larger pores 
disseminated between the more minute punctation of the shell as described above. 
Tb(' much larger hollow tubes terminating in the root-like processes, penetrate this 
median part of tin; shell substance in a nearly vertical direction. The innermost 
layer of the shell is somewhat thicker than the outer one, but otherwise similar to 
it. Tin; median and outer layers of the shell fall off easily, and then internal casts 
of strange description arc produced, which preserve the inner shell-layer. It has 
been said in tl)e discussion of the systematic position of these fossils, that of all the 
teguments wliich can he distinguished in this larger valve, probably this inner shell- 
layer is the essential })art, from which the real shape of the valve must he judged, 
and that the other layers, the median as well the outer one, are probably duo only 
to an exuberant growth of the shell. 

In the flat smaller valve the median shell-layer is absent. 

Tender the microsco2)e many other features of the shell-structure can be ob- 
served. It tiien ai)pears very clearly that the shell of the larger valve is composed 
of a great number of very thin lamellae, closely packed together in the inner- 
most and in the outer shell-layers. These laraelUe disunite on the one hand 
towards the interior of the shell to form the partitions with which the lower part 
of the valve is filled, and on the other hand for the formation of the cysts of the 
median shell-layer. The lamellae are mostly more or less vertical in the inner shell- 
lay ('r, then bend outward in a somewhat horizontal direction, but very irregularly, 
disuniting and again re-uniting and thus forming the (iysts, and at last in bending 
u]) again vertically they unite to form the outer shell-layer. Each lamella is of a 
very singular structure. It is finely papillate on the inner or upj)er side, and in 
eonsequeuci; grooved on the outer side when the lamellae touch each other, but 
miarly smooth on the outer side when they are disunited. To this chai’acter may be 
traced the punctation of the shell w'hen the outermost shell-layer is removed, as 
this layer lca\ es on the underlying shell-lamella the impression of the papillae of its 
inn(;r side, and these appear as punctation. The real punctation is in connection 
with the papillae, not with the grooving; as apj)arently on the smooth outer or 
lower l aces of the lamell® the j)unctation consists only of very fine pores which are 
not situat(;d in grooves. 

In the llecords of the Survey (/. c.), in describing the microscopical structure of 
the shell, I stated that all the lamellae show a fine striation, vertical to their plane, and 
that this striatii n is very likely owing to each being formed of vertical j)risms. Fresh 
prc 2 )arati(ms, admitting of the application of a more strongly magnifying power, have 
now shown me that this striation is not caused by prisms, but by a very densely set 
perforation of the shell. Each papilla on the uj)per or inner side of the lamellro 
Ibrms the entrance to a very fine narrow canal, which mostly penetrates one or 
more of the lamella; and then splits up into two or three branehes, terminating 
either at one of the cysts or below the outermost layer of the shell. I was so 
fortunate as to secure the aid of one of the most celebrated microscopists now 
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livin" on the Continent, Dr. Conrad Schwager of Munich, for the execution of 
Plate LXXXII, on nhi(rh arc represented microscopical sections of the substance of 
the shell of several molluscs, molluscoids and corals, and with them a longitudinal 
section through the shell of Bichthofenia. For the correctness of the drawings the 
name of Dr. C. Schwager is an absolute guarantcic, and from this drawing it most 
clearly appears that these canals split up into sciveral branches. This plate may 
serve at the same time as a standard to judge the correctness of the drawings on 
Plate LXXXIIA, executed by Mr. A. Swohoda. 

On this latter plate there is a figure representing a section through the shell of 
Bichthofenia parallel to the surface. The papillation and the canals which pierc*; 
the lamtilliB in connection with it can ho distinctly seen, and owing to the uneven- 
ness of th(5 shell, th(i cysts also are partly uncovert'd. Another feature, how'cver, the 
meaning of whicdi I was quite unahl eto make out, is the radially-striated organs 
\vhi(!h appear in this section. They certainly do not belong to the root-like tubes 
with which the larger valve is provided ; they might perhaps be attributed to the 
])olygoual straight shell-tubes, which have been described above. Another figure 
on the same plate represents a vertical section through that thickened part of the 
shell w'hich fits into the emarginations of the smaller valve at both ends of the hinge- 
line. What is chiefly remarkable in this section is the great frequency of thin, 
straight tubes ascending nearly vertically. 

If we compare all these sections with those of Productus, Perhyia, Calceola, 
and Badiolites, represented on Plate LXXXIT for comparison, wc find that the 
greatest similarity exists between Produotus, Derbyia, and Bichthofenia, whilst tho 
shells of Calceola and Badiolites arc not at all comparable. This result is perfectly 
in accordance with the opinion already given by Kayser from a simple inspection 
of the shell with a lens, that the structure of the shell of Bichthofenia had the 
greatest similarity to that of Strophomena or Productua. 

To give measurements of fdieso fossils is barely possible, as their external shape 
is so extremely variable that two specimens never entirely resemble each other. 
From the numci’ous figures of this species it will not, however, be difficult to get an 
idea of the range of variation in size and shape these fossils are subject to. 

The species is gregareous in its occurrence in nature, and the individuals are often 
so closely packed togedher, that the root- like appendages of one individual are fastened 
to tho individuals around ; but I never found two individuals entirely grown together. 

Locality and geoloyical position. — The spexues i.s very common at certain locali- 
ties in th(j Salt-range ; most so in the middle division of the Prodmdus-limestone. 
In the lower division it is also not rare at some places, but on'the whole much rarer 
than in the middle division. In the upper division it has also been found at many 
localities, but is everywhere rare, and in the tojjmost beds of the formation it is 
entirely absent. 

It has l)een colhxded by myself at Amb in Ihc lowest fossiliferous beds of the 
whole formation, just above the lavender-clays (11 specimens). 
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At Katta I colleotocl a specimen in the lowest beds of the compact limestones 
Avliioli compose tJie middle division (bod No. 12 of the section in my note-book). 

In the middle region of the middle division I collected the species at Virgal in 
llie coral beds (]1 s})ecimeus), as well as in the crinoid beds (1 specimen), in the 
Cliittawan (19 specimens), at Katta (1 specimen), and Trans-Indus at KAfirkot 
(2 s]>ecirneus). Mr. Wynne collected the species in the same beds at Morah 
(1 specimen), and Trans-Indus at Bilot in the crinoidal cliffs (1 specimen), as well 
as on the top of those dills (2 specimens), and at Omarkheyl (1 specimen). 

In the ii]>pcr region of the middle division the species has been found by Dr. 
Warth and ]\lr. Wynne at Musakhcyl (5 s])eeimens), and by myself in the section 
fit Xhurain the uppermost beds of the division (1 specimen). 

In the u])p(T division the species has been collected by myself, west of Kbura, 
at the very base of the division (1 specimen), as well as somewhat higher up (1 speci- 
iiH'u). Also, Mr. Wynne found a specimen in this division at Jabi. The geologically 
young(*st si)ecimcns ^^•ere detected by myself in the Cephalopoda bed of Jabi 
( 1 specimens), as well as in that of Chidru (1 specimen). Higher up the species 
does not extend. 

Iteinarhis . — There are not many remarks to be made about this species, as 
everything i-egarding its systematic position has been stated already in the introduc- 
tion to the familv. 

As I'cgards the geographical distribution of the species, it is restricted to the 
Salt-range, and has not yet been described from any other country The shells 
which have been figured by Kayser from China under the Tooime oi Bichihofenia 
huL'rcnciana, Kou., do not belong to this spc'cies, but are distinct from it by a shorter 
hiugeliue and an altogether tliinner shell-substance. 


2. RiciiTHOFENiA SINENSIS, Waagen ; PI. LXXXII A, fig. 4. 

1SS3. Rirhthuftnia lawr^nriana (Kou. Bp.), Kayner: Rlchthoftiu’B China, vol. IV, p. 195, ])1. XXIV 

4-5 (null Koiiiuck). 

I have created this name for the s[)ecies of Richthofenia that has been described 
by Kayser from the upper-carboniferous beds of Lo-Ping in China. 

This species is characteristically distinguished by a very insignificantly developed 
hingeline, w'hich is often so short as to be barely perceptible, as for instance in the 
specimen figured by Kayser, fig. 4 b. A hingeline is, however, present in this case 
also. 'I'hough this character is thfe most striking one, yet there exist also others by 
Ax hich the species may be reeognised. 

The thickened parts of the larger valve which fit into cmarginations of the 
smaller valve at both ends of the hingeline in the Indian Bichthofenia laiorenciana 
are absent in the Chinese shell. Then there is something like a median sinus 
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observable in *tlie smaller valve ; and the larger valve bears more prominent and 
sharper wrinkles on its surfaee. 

Of the interior characters of the Chinese shell little is known ; it can be slated 
that on one of the specimens at least the general internal arrangement is similar to, 
but not identical with, that of Hichthofenia Imorenoiana. The shape of the pai’ti- 
tions in the large valve is well observable on the smaller of the Chinese specimens. 
One of the partitions has been exposed by the breaking off of the apex of the larg(*r 
valve. The tolerably smooth surface exhibited by this fracture was taken by 
Kaysor to be the impression of a foreign body to which the shell had adliercid ; but 
an inspection of the specimen immediately convinced me that it was one of the par- 
titions that was hero exposed. The surface of these partitions is finely granulated ; 
the form, however, is considerably diflerent from those of lliohihofenia Utw- 
renoiiwa. The rounded saddle which extends from the vertical septa to the wall of 
the shell oj)posite the hingeline occupies nearly the entire breadth of the shell, and 
the broad hollows on both sides of the saddle in the Indian species are here reduced 
to mere narrow fissures along the lateral walls of the shell. Not far from tin; 
frontal wall of the shell, opposite the hingeliuc, the partition bears a very chara(!t(!r- 
istic litthi groove, which appears as a small knob on the lower face of the partition 
as exposed in the specimen serving for description. In the vicinity of the hingeliue 
a triangular space is marked off, owing to the bending up of the partitions on the 
three vertical septa ; the triangle is limited on one side by the hingcline, and towards 
the apex by the area. All this is exactly as in Hichthofenia laxorenciana. The 
area, however, owing to the insignificant deveh)pment of the hingcline, is very 
narrow, but yet very distinctly limited on both sides by sharp edges. It bears in 
the middle a broad flatly-arched pseudodeltidium. All those i)arts are c;overed uj) 
and concealed as in the Indian speedes by an exuberant growth of the shell, but 
they can be distinctly seen in fractured places of the Chinese specimens. 

The Richthofenia dnemis is, moreover, distinct horn Riehihqfcnia laicrcnciana 
by the v(‘ry small development of the cystiferous part of the shell-substance in the 
larger valve. 

Locality and geological position. — The species was originally described from 
China, as has been remarked above ; but it seems to occur also in the Salt-range. 
At least I should be inclined to associate with this species a specimen collected by 
myself at Nursingpohar in the black beds forming there the lowest pai’t of the 
middle division qf the I’roductus-limestone, 

Remarhs. — The specimen from Nursingpohar that I assign to this species is 
not sufficiently well preserved to allow of a quite exact determination, but the con- 
figuration of its partitions, the only character wlii(di can bo exactly observed, is so 
absolutely identical with Richlhofcnia sinensis, that I cannot avoid comparing this 
shell with the Chinese species. 

The occurrence of this Chinese form in the Salt-range would be of much geo- 
logical interest. 



Order: LYOPOMATA. 

Sub-Order: QASTEBOPEGMATA sive CBANIACEA. 

Family: C RANI ADAS. 

It is with some hesitation that I undertake the description of the Lyopomata^ 
as th(i materials on which this description must be founded, though partly very 
numerous, are yet somewhat incomplete owing to the great difficulties that have to 
be surmounted in exposing the inside of these shells, which are mostly of an ex- 
treme thinness and fragility. 

Though the Craniadae make an exception to this general rule, yet in this family 
also I cannot present a full description of the several forms ; it remains even doubt- 
ful whetlier the shells winch I place in this family do really belong to it. This un- 
certainty is caused by the circumstance that of the Crawm-like shells occurring in 
the Salt-range, only the lower and adhering valve is known to me, while the upper or 
free one has not yet been found. If, therefore, the dcscrii)tion of the Lyopomata 
should be found rather unsatisfactory, the reason is to be sought for in the incom- 
pleteness of the materials, whereby the control of observation by the preparation 
of scv<!ral specimens is nearly impossible. The forms of this order occuring in 
tlie Salt- range are, however, of too much interest to be overlooked ; so I give what 
I can, looking forward to fuller information from new studies undertaken under 
more favourable circumstances. 

The Craniadee form a very compact little group of shells, which even may 
attain the rank of a sub-order ; the generic distinctions are, however, rather difficult, 
and founded on not verv prominent characters. Zittel, in his Handbook of Palajon- 
tology, considers the family to contain only the single genus Crania, which is divided 
again into a number of sub-genera. Dali, on the contrary, distinguishes the follow- 
ing genera within the family : — 

Crania, Rol/.ins, 1781 (Sebrift. Berlin. Ges. naturf. Freund., II, p. 72). 

Cranisci'S, Gall, 1871 (Bull. Mus. Comj). Zool, III, pt. I, p. 26). 

Anci.stkocrania, Dali, 1877 (Bull. Unit. Stiites Nut. Mus. No. 8, p. 13). 

PSKUDOCRANIA, M‘Co} , 1851 (Ann. & Maf?., Nat. Hist., vol. VIII, p. 388). 

CuoNiopoUA, Scbaurotli 1851 (Zeitschr. Deutscli. Gcol. Ges., vol. VI, p. 546). 
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If we now compare with these genera the shells figured on Plate LXXXIV 
of this work and supposed to belong to the Craniadee, we find that they deviate 
totally, and indeed appear so very dissimilar to all the shells comprised within the 
family, that it might oven be questioned whether they should bo placed at all with 
CraniadiB. 

Tlie only characters which induce me to place the specimens in that family are 
the calcareous composition of the shell, the peculiarity that one of the valves is 
fixed by its entire surface to foreign bodies, and finally the absence of any trace of 
hingeteeth. 

Though those characters combined make it highly probable that these shells 
belong to the Craniadee, yet the decisive characters based upon the arrangement of 
the muscular impressions cannot be observed in the Indian fossils, and thus their 
systematic position must remain to a certain extent doubtful. 

Por these Indian forms, of which the lower valve only is known up to the 
present, I introduce the generic name of Cardinocrania. 

The genus has only been observed in the Salt*range, and is not very common 
there. 


Genus : CARDINOCRANIA, Waagen, n. gen. 

This genus is founded on lower valves only, the upper valves not being known to 
me. 

The lower valves are of small dimensions, fixed by the entire surface to foreign 
bodies. Their general outline is more or less transversely oval, with a short straight 
hingeline on one side, and a more or loss strong indentation on the opposite or 
frontal side. 

The existence of such a hingeline is very peculiar, and ought to be indicated 
in the name. 

The valve all round spreads out with a thin and flattened margin, which also 
is fixed to the supporting body. 

In the interior of the valve the most conspicuous part is a thin, triangular, 
shelly plate, fixed by its broad base to the cardinal region of the valve, and extend- 
ing with its narrow and indented extremity to not far from the front. It is sup- 
ported in the middle by a short low septum. This plate probably served for the 
support of the different muscles, but of the impressions nothing can be distin- 
guished in any of the specimens at my disposal. This is all I can say of the 
structure of the genus. 

There cannot be the slightest doubt that the shells bearing these characters are 
generically different from all the other groups of the Craniadee. Though the smooth, 
not granulated, shell-margin to a certain extent recalls Faeudocrania, yet the very 
distinct hingeline, strongly marked off by emarginations from the remainder of the 
valve, is a character by which the Indian shells deviate not only from all the genera 
of the Craniadee, but from all the Lyopomata together. 

c 
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In the Salt-range the genus is only represented by a single species, which has, 
however, a very extensive range. It commences already in the lower division of the 
Froductus-limestone and extends through the whole formation. The species never 
occurs in great numbers. 

The genus has not yet been observed in any part of the world except the Salt- 
range ; and even from there it is very incompletely known, as only lower valves have 
been found up to the present. 


Cardinocrania indica, Waagen, n. gen. et sp.; PI. LXXXIV, figs. 1, 2. 

The species is of a rather small size, barely exceeding a breadth of 8 mm., and 
still smaller in length. 

The lower valve, which alone is known, is always of a more or less transversely 
oval shape, and very little elevated in thickness. It is fixed by its entire under- 
surface to foreign bodies, and when well preserved shows always more or less largely 
spread-out margins, which creep along over the body to which the valve is fixed 
The outline of the valve is thus not very well defined, and its contour is chiefiy 
determined by the figure assumed by a highly elevated ridge, which on all sides 
surrounded the animal and on which the other valve must have rested. Within 
this ridge the excavated part of the valve is situated. 

The figure described by this ridge is transversely oval on the whole. The lateral 
parts are well rounded, and in the middle of the frontal region there exists a more or 
less deep emargination. Opposite the front line the lateral parts ascend in a gentle 
curve towards the middle line, then suddenly bend out again and join a tolerably 
Jong well-develoj)ed straight hingeline under acute angles. The hingeline itself 
forms a narrow sharp edge, limited on its outer side by a steeply descending smooth 
plane, and overhangs slightly on its inner side. In the acute angles on both sides, 
where the lateral shell- walls join the hingeline, there terminate deep furrows, which 
commence in the middle under the hingoline. From the spot where these furrows 
unite, a flat triangular space extends, occupied by a thin, somewhat lozenge-shaped, 
shelly plate, which probably served for the support of the muscles. This plate is 
fixed for a certain extent to the upper part of the lateral walls of the valve, whilst 
its median part hangs far down, nearly to the frontal region. Its lateral outline is 
deeply cut out in a rounded line, and the median part is slightly bi-lobed, the lobes 
being a little bent up so as to produce a short furrow in the middle. If the plate is 
broken, one sees that it is supported from the bottom of the valve by a short, rather 
thick septum. The lateral parts of the valve are much more deeply sunk in than 
the plate which has just been described. 

The expanded margins of the valve seem to be extremely finely granulated, but the 
space occupied by the animal appears to be quite smooth. On the elevated ridge which 
surrounds the excavated part of the valve, a slight impression can be observed at 
certain places, chiefly in the vicinity of the hingeline, evidently caused by the other 
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valve. From this it appears probable that the upper valve partly fitted into the 
lower one. 

Neither muscular nor vascular impressions can be distinguished. 

The dimensions of three specimens, Nos. I and II from Morah and No. Ill from 
Jabi, are, as far as they can be taken, as follow : — 



I. 

II. 

III. 

Length of the shell 

. 7 mm. 

4 mm. 

6*5 mm. 

Breadth of the shell .... 

. 8-6 „ 

7 

9 „ 

Length of the hingeline .... 

• 4 „ 

3-6 „ 

4 „ 

Thickness of the lower valve 

. 1 

0-6 

1-6 


Locality and geological portion,— is very difficult to indicate exactly the 
geological range of the present species, as the sjHicimens must be well preserved to 
allow of an exact determination. This arises from the circumstance that the young 
specimens of Strophaloaia, adhering to foreign bodies, if not very well preserved, look 
exactly like the present species when not well preserved, and it is impossible in such 
cases to say which is which. Thus it is very difficult to say in what special beds 
the present species occurs and where it is more abundant, as though I am convinced 
that many of the badly preserved specimens adhering to other shells belong to the 
present species, yet I cannot be certain of it. Thus, for instance, I cannot say for 
certain whether the little things found occasionally in the lower Productus-lime- 
stone adhering to the shells of Spirifer, &e., belong to the present species or not, 
though it seems probable that they do. The occurrence of the species in the middle 
Productus-limestone, however, is beyond any doubt, as the well-preserved specimens 
from Morah, represented on Plate LX XXIV, fig. 1, are from that division. It is 
equally certain that the species occurs in the upper Productus-limestone, as the 
excellently preserved specimen represented in fig. 2 of the same plate was found 
by myself in tliat division in the Cephalopoda bed at Jabi. 

Remarks. — There is no need, as far as I am aware, to indicate for the present 
species any characters distinguishing it from other forms, as the species is so isolated 
that it cannot easily be mistaken for any other. Even gcnerically it is but very 
little related to other groups. Among the Craniadce, Pseudocrania might perhaps 
in a general way be compared. If in Pseudocrania we take as a whole all the space 
on which the muscular impressions are distributed, it somewhat resembles in shape 
the triangular muscular plate in our species ; but there is no hingoline in Pseudo- 
craniat and thus the similarity ceases. As regards the hingeline, slight traces of 
such have been figured in jurassic species of Craniscus, but that part is not at all so 
strikingly developed in these forms as in our Cardinocrania, 

This hingeline puzzled me a good deal, and at last I came to compare it with 
the same part of two other fossils from the Salt-range, Lyttonia and Bickthofenia. 
The similarity of the hingeline and surrounding parts with Lyttonia is chiefly strik- 
ing, and perhaps I should better have placed the Cardinocranice altogether in the 
ThecideidcBt sub-family LyttoniincBt instead of in the Qrainadce, but the complete 
absence of any trace of hingeteeth in Cardinocrania, which are present, though 

c 1 
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rudimentary, in Lyttoniat prevented me from doing so. Otherwise there is little 
similarity between Cardinocrania arid Lytlonia ; so the former may as well be 
placed among the Craniada until fuller information about it will be available. 

A similar eonfiguration of the hingeline is also observable in Michtho/enia, and 
for a time I was even doubtful whether Cardinocrania was not the juvenile state of 
Hichthofenia ; but after a lengthened eonsideration I eame to the couelusion that 
this was very improbable, at least traces of the vertical septa and of the pseudo- 
dedtidium ought to be observable in the quite young state. That Richthofenia 
shows otherwise a certain affinity to the Craniada: has been stated above. On the 
n hole, the obscure relations that may perhaps exist between these three genera are 
A ery remarkable, and some questions may yet have to be solved in this direction. 
There may really exist a transition between Cardinocrania and Richthofenia on the 
one hand, and between the former and the Thecideida on the other ; so that the limit 
between the Arthropomata and the Lyopotnaia would no longer have to be consi- 
dered so strictly drawn as has been done up to the present. 


Stje-order : DAIKAULIA sive LISCINACEA. 

Family: DISCINID^. 

This small family is, like the Lingulidcc, of very ancient date. The forms 
belonging to it all possess a very thin, horny, calcareous shell, and are characterised 
hy the position of the peduncle ; it is not marginal, but approaches more or less 
the centre of the lower or ventral valve, which is cither slightly open from the margin 
to near the centre, or bears a slit-like foramen extending from the centre to near the 
margin, or finally a small foramen pierces the shell somewhere within this distance. 

This position of the peduncle seems to me the essential point in assigning a 
genus to this family or not, the punctation of the shell, which is also present in most 
genera, being only of minor importance. Thus I am not quite inclined to follow 
Zittel’s Handbook, which puts Trematis and Schizocrania in the Obolidtc, retaining 
only Riscina and Faterula in the present family. Hall, on the contrary, seems rather 
to share my view in the matter ; thus he places the following genera in the 
family : — 

1. Discina : Lamk., 1819 (Hist, an. 8. vert., vol. VI, p. 230). Silurian to recent. 

2. Discinisca : Dali, 1871 (Bull. Mus. Comp. Zool. Cambr., vol. Ill, p. 37). Silurian to recent. 

3. Tuematis; Sharpe, 1847 (Quart. Journ. Geol. Soc. Lond., vol. IV, p. 60). Silurian. 

4. OamcuLOiDBA : Orbigny (1847 ?), 1849 (Comptes Rendus XXV, p. 269, Prodr. Pal. Strat. 

Sil., p. 21). Silurian to cretaceous. 

5. Scin/.ocRANiA : Hall and Whitfield, 1875 (Palseont. of Ohio, vol. II, p. 71, pi. 1, figs. 12-15). 

Lower-silurian. 

C. Acrotuele : Linnarsson, 1876 (Bihang till k. Svenska Vetensk. Akad. Handling., vol. Ill, 

No. 12, p, 20). 
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The genus Paterula, Barrande, which has also been placed by Zittel in the family 
Dkcinidce is but very imperfectly known ; but from the general configuration of its 
little valves, I should rather be inclined to place it in the family Lingulidee than in 
the Di8cinid(B. Mr. Davidson, however, whose admirable last part of tbe British 
Brachiopoda has just reached me, places the genus definitively in the latter family. 
With regard to Schigocrania, he expresses some doubt whether it is not a Discino- 
caris. 

In the Salt-range the family DiacinidcB is but doubtfully represented by a 
single (or perhaps two) species of rather uncertain general affinities. I place the 
fossil in this family on account of a rather broad and deep incision on the margin of 
the ventral valve for the passage of the peduncle. The external appearance of the 
shell recalls to a certain extent that of Trematk, which also seems sometimes to bear 
such a slit-like incision on its lower valve, but in the Indian shell the apex is more 
eccentric and the sculpture entirely different from Trematia. 

From this it appears rather probable that wc have to deal here with a new 
genus, for wliich I introduce the name of Diacinolepia. In introducing this new 
name, I feel very keenly how desirable it would have been to ascertain also the 
internal characters of the shells ; but on the one hand specimens of this form arc 
very scarce, and on the other it is extremely difficult to clean the inside from the 
adhering rock ; and as it was very uncertain whether I should be successful in making 
a preparation, I did not venture to destroy one of the few specimens. 

If the genus I thus introduce is not founded on very firm ground, the ncAv name 
at least avoids the union of this form with another group of shells, with which it 
docs not well agree, and the name of which would perhaps be suggestive of geological 
conclusions. 


Genus: DISCINOLEPI8, Waagen, n. gen. 

Tbe shell is of very small size with two unequal valves, which are very flat, 
leaving scarcely any room for the animal between them. 

The lower or ventral valve is hardly at all vaulted in any direction, and appears 
flatly spread out like a small fish scale. Only the apex is a little elevated. It is 
removed from the margin towards the median part of the valve. The margin of the 
valve nearest the apex is broadly out out by a deep incision reaching to the top of 
the apex. 

The upper or dorsal valve is in shape similar to the other one, with a slightly 
elevated eccentric apex, but without an incision. 

The surface in both valves is cither smooth or covered with a fine granulation. 

From this description it appears that the present genus is different from all the 
other genera of the Diacinidee hitherto described. From Diacina, Diaciniaca , and 
Orhiculoidea, it differs in having an incision and not a slit-like foramen in its lower 
valve for the passage of a peduncle. In Trcmatia a similar incision or emargination 
seems sometimes to occur, but the sculpture of the valves is quite different from lhat 



750 SALT-EANGE FOSSILS. 

occurring in Diacinolepu. Schitoerania has an incision, but it is much larger than 
in the Indian form. 

The genus is represented perhaps by two species in the Salt-range, but only one 
of them is sufficiently well preserved to be described. 


Discinolepis granulata, Waagen, n. gen. et sp.; PI. LXXXVI, figs. 6, 6, 7. 

The general outline of this species is more or less transversely oval to nearly 
circular. The two valves are of equal size and shape ; both very small, not exceeding 
a diameter of 6 mm. 

The upper or dorsal valve is not well accessible to my observation, as no entire 
specimen of it is preserved in the Salt-range collection. There is only the somewhat 
elevated and obtusely pointed apical part preserved, while the flatly expanded larger 
part of the valve is always broken. These fragments show the margin of the valve 
preserved on one .side in the vicinity of the apex. This margin is entire, and nowhere 
cut out. The apex is but very little removed from the margin, and forms the 
culminating point of a narrow and but slight elevation, overhanging very little 
towards the centre of the valve. The surface of the fragments accessible to my 
observation is shining smooth without granulation. 

The lower or ventral valve can be more completely described, as far better 
specimens are preserved. This valve is nearly quite flat, only a little space in the 
vicinity of the apex being slightly elevated. The margins are well rounded, and 
only on one side is there a broad slit or incision reaching to the top of the apex, 
>)ut without the slightest indication of an area. The apex is not situated far inside 
the valve, but approaches the margin rather nearly on the side on which the incision 
is situated. It is but slightly elevated, obtusely pointed, and has a rather flatly 
sloping face towards the margin and a rather steep one towards the centre of the 
valve. The whole surface of the valve is covered with fine papill®, between which 
can be observed faint strise of growth, all starting from the margin on which the 
incision is situated. 

The dimensions of two ventral valves are as follow : — 


Entire length . 

„ breadth . 
Elevation of the apex 
Extent of inciflion 


I. IL 

4*5 mm, 4*5 mm. 

® »» 5 I, 

0*5 » 0*6 „ 

1 )) 0*6 ft 


Locality andgeological position . — The species is restricted to the so-called Obolus 
beds of Wynne’s description, and seems to be not scarce in these beds, but well- 
preserved specimens are only rarely met with. The species has been found up to the 
present at Khewra in the valley above the salt-mines, and at Jutdna. From the for- 
mer locality there is a slab of black micaceous shale, on which dozens of fragment- 
ary specimens of the species are observable. In other beds it seems, however, to 
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occur only sporadically, as the two well-preserved specimens figured on PI. LXXX VI 
are solitary. 

Remarks. — The little species here described is very isolated in all its characters, 
and cannot be in particular compared to any shell hitherto made known, as far as I 
am aware of. 


Family: SIPSONOTRRTIDjR. 

This family, which was proposed by Kutorga in 1848, seems to be in a rather 
unsettled state as regards its systematic affinities, and thus it happens that nearly 
every observer gives it a different place in the system. 

By Dali, in his index, the family is placed at the head of the Lyopomata, 
next to the Produciid<D ; whilst Zittel in his Handbook distributes in the family 
Obolidce all the genera classed by Dali as SiphonotretidcB ; and Davidson, in the 
last part of his great work, again places the family between the Craniadce and the 
TrimerelUdce. In the Lyopomata, where a shelly brachial apparatus is either en- 
tirely absent or only rudimentaiy, the mode of insertion of the peduncle seems to 
me the best principle of classification, and thus all the Lyopomata can very con- 
veniently be brought into several sub-divisions, according to the mode in which the 
peduncle either protrudes between the valves, or pierces one of the valves, or is even 
altogether wanting. 

The Cramad(S have a kind of shelly support for the brachial apparatus, but 
no peduncle at all. These characters widely separate them from the remainder of 
the Lyopomata, and thus a sub-order for that family as I have above established, 
can well be justified. Another type is represented by the Lisoinidat. They 
possess a peduncle, and any trace of a shelly support for the brachial apparatus is 
wanting. The peduncle passes through a slit or a foramen in the ventral valve, and 
is thin and comparatively short. From the Discinida to the Siphonotretid<s there 
exists, however, a nearly perfeett ransition, as the genus Mesotreta, Kut., is different 
from Lisoina in its external appearance chiefly by the circumstance that the slit- 
bearing valve is more elevated than the other one, and the foramen just pierces the 
apex, whilst in Discina or Orhiculoidea the slit-bearing valve is the flatter one, and 
the slit-like foramen is shifted towards the margin. From Mesotreta to Aorotreta 
and Siphonotreta, there are but small steps, and thus it can barely be denied that 
the SiphonotretidcB as a whole are rather nearly related to the IHscinidce, and can 
very well be considered to form together with these a sub-order, for which I have 
introduced the name Liscinacea ” or JDiakauUa." 

The ObolidcB, though also rather nearly related to the Diseinidee, very pro- 
bably had a large peduncle protruded between the valves, as in the Lingulidae ; 
and thus I am rather inclined to bring them into closer relation to the latter, and to 
consider them as a connecting link between the Discinaeea and a sub-order for which 
I shall introduce the name of “ Litigulacea ** or “ MesokauUa*' 
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The Slphonotretida: comprise quite a number of genera, of which the following 
may be recorded : — 

Mesotbeta, Kutorffa, 1SI7 : Verb. Kais. Buss. Mineralog. Ges., St. Petersburg, 1847, p. 271, 
|il. VII, fig. 4. 

Ac uotketa, Kutorga, 1S47 : c., pp. 260-275, pi. VII, fig. 7. 

SiriioNOTEETA, De Verneuil, 1846 ; Geol. of Buss, and the Ural Mount., vol. II, p. 286. 

Voi.BARTHiA, Mitller, 187S : Verb. Kais. Russ. Mineralog. Ges., St. Petersburg, 1878, pp. 1-7, 

1. I, figs. 1-6 ; Neu. Jahrb. f. Min., 1874, p. 449. 

Mr. Davidson in the last part of his grand work quotes also Kutorgina, Billings, 
as belonging to the family. I cannot judge of the genus, as I have never seen speci- 
mens of it. From the figures I should be rather inclined to place it in the family 
Oholid(V. 

A genus that might perhaps he considered as a connecting link between the 
Siphonotretidee. and the Obolidee is Ilelmersenia, Pander, though the existence of a 
foramen may bring it nearer the former. 

In the Salt-range there occur some shells that I should rather be inclined to 
place in the family Siphonotreiidte, though the forms are but very imperfectly 
known to me, and the materials very scanty. I am, however, quite at a loss as to 
wliat genus these shells ought to be placed in. The chief character consists in an 
ar(.'a in one of the valves which is slit open in the middle, and seems to be widened on 
the top into a foramen. Thus these shells hold about a middle position between 
Discina, Siphonotreta, and Lingula, and it seems to me not advisible to place them 
in any of the hitherto described genera. To avoid then a misleading position of these 
shells in a genus to which they very probably do not belong, I rather prefer to make 
a new genus, though the foundation of it may be rather imperfect ; I shall thus in- 
troduce the name of Schizopholis for these specimens. 


Genus : SCHIZOPHOLIS, Waagen, n. gen. 

The shells belonging to this genus are all of very small size. They consist of 
tw'o valves, of which one is imperforated and rather flat, the other is slightly elevated 
with a somewhat prominent marginal apex, below which is a small triangular area 
slit open in the middle by a triangular fissure, which seems to be sometimes a little 
widened at the top, forming a kind of foramen, placed just at the extremity of the 

Up(!X. 

The shell surface is very finely granular, and it seems as if it had borne spine- 
like appendages as in Siphonotreta, but these are not preserved in any of the speci- 
mens at my disposal. 

Of the internal characters of the genus nothing is known to me, as there are 
only three specimens available ; and as the rock, a black micaceous shale, adhered 
very firmly to the internal side of these shells, it appeared impossible to make a 
preparation of the inside. 
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■ There has been found up to the present only one species of the genus in the 
Salt-range. 

ScHizoPHOLis BUGOSA, Waagen, n. gen. et sp. ; PI. LXXXVI, figs. 2, 3, 4. 

1862. Siphonotreta, up. (Waagen) Wynne : Geology of the Salt-range ; Mem. Geol. Surv. of India, vol. XIV, 
p. 87, et passim. 

This is a very small species of elongately oval or somewhat trapezoidal outline, 
with one nearly flat and one slightly elevated valve. The latter is provided with a 
small area, which is apparently cut open in the middle by a broad slit ending at 
the top in a small foramen. The surface of both valves is rugose with numerous 
radially arranged wrinkles. 

The dorsal valve is nearly cfuite flat, the apex being only very little elevated. 
The outline is well rounded, but not quite regularly, the valve being soracwliat 
narrowed in the vicinity of the apex and spread out on the opposite side. The apex 
is pointed, not quite but very nearly marginal, and but very little prominent. The 
surface of this valve is much less strongly rugose than that of the other. The radi.al 
wrinkles are less prominent and less numerous. They are often slightly swollen 
where the stricc of growth cross over them, and there is some appearanee as if spines 
had been placed on them. The space between the wrinkles, and apparently the whole 
surface of the valve, are very finely granular; the character can, however, be 
detected only with a powerful lens. 

The ventral valve is slightly vaulted in the transverse direction and appears 
very flatly and eccentrically conical longitudinally. Its outline differs somewhat 
from that of the other valve, as only the part opposite the apex is well rounded. 
Laterally the outline is rather straight, and in the apical region the median part is 
prominent, with sloping sides, which join the lateral outline under an obtuse angle. 
The apex is pointed and prominent, somewhat overhanging and slightly cut out on 
one side for the passage of a small foramen, the form of which cannot well be seen 
on account of the deformation of the apex by pressure. Below the apex there is a 
vertically descending area, smooth, triangular in shape, and marked off on both sides 
by not very distinct edges- It is apparently cut open in the middle by a broad tri- 
angular slit, which seems to extend up to the foramen of the apex, but this cannot 
be well seen on account of the deformation of the single specimen. 

The surface of the valve is very rugose, due to numerous strongly prominent, 
irregular radial wrinkles crossed by numerous concentric striro of growth, produc- 
ing generally a swelling where the two systems of wrinkles meet. On these points 
there is some appearance as if spiny processes had been broken off. Under a 
strongly magnifying lens the whole surface of the valve appears finely granular. 

Of the interior characters of this species nothing is known to me. 

The dimensions of two dorsal valves are as follow ; — 

I. II. 

Entire breadth of the shell 6 mm. 4 mm. 

„ length I, ,1 6 ». ^ n 

Thiokness of the shell ......>• 0‘6 „ 0‘8 i, 


D 
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An isolated central valve shows somewhat different dimensions, which are as 
follow : — 

Entire length ............ 6 mm. 

f, breadth ........... 5 „ 

Breadth of the area .......... 2 

Height of the area ........... 1 „ 

Locality and geological position. — There are not more than three specimens of 
this species known to me, which were all collected in Wynne’s so-called ‘^Obolm 
beds.” All three were collected by Mr. Wynne and myself in the gorge behind 
the salt-mines of Khewra. 

Memarks. — I regret very much that I cannot give a better description of this 
interesting little shell. It is very easily distinguishable from all the other forms 
that occur with it by its rugose surface, which is not exhibited by any other similar 
shell excci)t by Siphonotreta. I have placed this genus and species in the family 
Siphonotretidee only in a provisional way. That the genus cannot be identified 
with Siphonotreta is evident ; but its position in the family may also appear doubt- 
ful. On the whole, the genus is rather nearly related to Liacinolepis, described 
before, and is distinct from it chiefly by the existence of an area. At all events its 
position in the sub-order Disoinacea cannot be wrong. 


Sub-Order : MESOKAIJLIA sive LINGULACEA. 

Family: OBOLIDjL!. 

This family was long ago established by King, but it has not been adopted 
except by Dali, Zittel, and Davidson. The range given to it by the different authors 
differs greatly, and it is rather difficult to point out the genera which might really 
belong to it. 

On the whole, the characters of the family are rather simple, and not very 
difficult to recognise. They consist in a horny calcareous shell with somewhat 
unequal valves, between which in the apical region the peduncle protruded. The 
margins of both valves are generally thickened in this region, and the ventral valve 
bears a furrow in the middle below the apex. Each valve exhibits generally large 
muscular impressions in the vicinity of its lateral margins. 

Zittel in his Handbook has framed the family characters in a very similar 
manner, nevertheless he has placed all the Siphonotretidee in the family Obolidee, 
though they have a perforated ventral valve. Dali, however, and Davidson have very 
properly separated the OboUdoe from the Siphonotretidee. 

According to the authors quoted, the family would contain the following 
genera : — 

1. Obolus, Eichwald, 1829: Zoolog. Special. I, p. 274. Silurian. 

2. Obolblla, Billings, 1861 : New Spec, of Silur. Foes. I, p. 6-7, fig. 7. Cambrian, silurian. 



PRODUCTUS-LIMESTONE.— BEAOHIOPODA. 765 

3, MonobolinA) Salter, 1865 : Mem. Geol. Surv. Great Brit., vol. Ill, p. 334. Cambrian, 

eilurian. 

4. ScBMiSTiA, Volborth, 1869 : Verbaudl. Kaie. russ. Mineralog. Ges. St. Petersburg', 2 ser., 

vol. IV, p. 808. Silurian, devonian. 

6. Keysebungia, Pander, 1861 : Bull. Imp. Acad. Sci., St. Petersburg, vol. Ill, p. 46, pi. II, 

fig. 1. Silurian. 

6. Acritis, Volborth, 1869 ; Verb. Kais. ruse. Mineralog. Ges., St. Petersburg, 2 ser., vol. IV, 

p. 812. Silurian. 

7. Leptobolus, Hall, 1872: 24th Regent's Bep. New York State Mus. Nat. Hist., p. 226 

(Perliaps identical with Acritis.) 

8. Spondyi.obolus, M'Coy, 1852 : Ann. and Mag. Nat. Hist., vol. VIII, p. 407. Cambrian, 

Silurian. 

All these numerous genera are of almost exclusively Silurian distribution, and it 
must appear somewhat strange that this family should be rather largely represented 
in the Salt-range in beds tliat cannot be very far distant in age from the true 
Productus- limestone, which is according to the most probable deductions that can 
now be drawn, in its upper part at least not older than the magnesian-limestone or 
the permian of Europe, and in its lower division does not exccfid in ago the upper- 
most coal-measures of North America. According to what has been said on pages 
6-8 of this volume, the age of these “ Oholm" hearing beds can then barely be 
more than that of the lower-carboniferous. A circumstance which makes those 
deductions probable also from a palajontological point of view is, that although 
forms agreeing in family characters with siluriau shells are numerous, yet these 
deviate so far from the hitherto described silurian species, that not only they cannot 
be specifically identified with the latter, but all are even generically most decidedly 
distinct. And this is not only true within the iainily Obolidoe, but also in all the 
other families of tlie Lyopomata. Thus a considerable lai)se of time must have 
occurred before all the forms could have been changed into differing generic groups ; 
and the view that the beds in which these forms are found belong to the carbonifer- 
ous period gains much in probability. 

There arc no obvious reasons why the Obolidee and similar families should have 
become extinct after the silurian period, and nobody can deny the possibility of their 
having lived on somewhere on the globe after those times. So much the more must 
it be interesting to see them re-appear in the Salt-range in beds that are in more 
or less close connection with permian and upper-carboniferous strata, from which 
circumstance they may with much probability be taken as lower-carboniferous. 

The OboUdiB of the Salt- range were detected about contemporaneously by Dr. H. 
Warth and Mr. Wynne, who both sent specimens for determination to Dr. Stoliezka 
at Calcutta. None of these specimens exhibited tlie inner surface, but as the out- 
ward appearance was very similar to that of Obulvs, it was oply natural that Dr. 
Stoliezka should have determined them to be Oboli, and the bods in which they occur 
to be silurian ; an opinion in which 1 fully concurred at the time with my distinguished 
friend. On my return after a season’s work in the Salt- range, 1 was no longer so firm 
in this opinion as before, as I had observed the close connection oi the so-called 

* D 1 
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OftoZ/^s*bcds with carboniferous strata, but the riddle of 06oli occurring apparently 
ji more recent strata tbair silurian remained unsolved. Only after having received 
the Salt-range materials in Europe, and after having compared the Indian specimens 
with Eussian shells, was the riddle resolved, as I observed that the Odoli were 
no Oioli, the Siphonotretce no SiphomtretcB, and so on ; so that an entirely new 
fauna of Lyopomata slowly developed itself before me. 

This result was, however, obtained only after much labour. The specimens 
always occur with their shells adhering firmly to a strongly micaceous rather hard 
slaty shale, and an internal cast is never to be found. At last I fastened the shells 
by their outerside with Canada balsam to glass slides, and was then able with chisels to 
clear the inner side from the adhering rock. Owing to the extreme thinness of the 
shells it may be imagined that the operation was most difficult and tedious, and it 
may be excused that the results are not so complete as could he desired. The 
muscular impressions were for the most part obliterated, and my indications in this 
direction must be rather uncertain. But the forms have been found to contain 
features of a firmer structure, as septa, etc., so that a generic determination 
could well be made without an intimate knowledge of the muscular impressions. 
Better results may be obtained when specimens freshly taken from the rock in 
xilu can be operated upon, as then the rock is much less hard, and less firmly 
adhering. 

I thus came at last to learn that the so-called OboH of the Salt-range belonged 
chiefly to two different forms, one rather nearly related to the genus Obolus^ but 
yet easily distinguishable, the other very widely deviating, and probably not belong- 
ing even to the family, but rather to the Trimerellido!, in which it might be placed 
near the Dinobolus. 

The form which I shall retain in the family Obolida; is characterised by a large 
septum in the dorsal valve ; it will bear the name of Neobolus, Waagen. 


Genus: NEOBOLUS, Waagen, n. gen. 

This genus consists of rather small shells, with a roundish outline, and not 
quite equal valves, the ventral one being generally protracted into a little beak with 
a furrow on its underside, while the other has only a somewhat thickened cardinal 
margin. Both are equally arched, but very slightly. The substance of the valves is 
very thin, homy, calcareous. 

The interior of both valves is tolerably well known to me ; only the muscular 
impressions are somewhat doubtful, as in chipping out the stony matter the inner- 
most coating layer of the shell substance also very often splits off, and then the 
muscular impressions, which are always rather faint, are more or less obliterated. 

In the ventral valve the cardinal margin is not much thickened, and is inter- 
rupted in the middle by a rather broad, transversely striated furrow, which served 
for the insertion of the peduncle. Inside this furrow in the depth of the valve, 
laterally from the middle line, there are apparently two small muscular impressions. 
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probably of one pair of adductors. The other pair of adductors seems to have left 
its impressions about in the middle of the valve, just above a short thickened ridge 
or knob which occurs there ; but the two impressions that exist in Obolus arc 
here apparently combined into one. On the lateral parts of the valve there arc two 
pairs of very large impressions, of which one partly covers the other ; which, if 
any, of these are muscular impressions, cannot be decided ; they must in such case 
be the impressions of the divaricators. 

In the dorsal valve the cardinal margin is arched and very little thickened, 
except in the middle, where a strong, thick callosity of a somewhat triangular 
shape is situated, bearing on top a somewhat uneven platform, which apparently 
served for the insertion of the muscle of the peduncle (umbonal muscle?). 
This callosity is prolonged towards the interior of the valve into a strong median 
septum, which sometimes takes its origin immediately at the callosity, sometimes at 
a little distance from it, and extends to not far from the front of the valve. Of 
muscular impressions but very little can be seen in this valve. Along the lateral 
margins a pair of largo elongated impressions extend ; they may perhaps be taken 
as the impressions of the divaricators. In the corner between these and the cardinal 
margin another pair of impressions seems to occur, but very indistinctly. Of the 
median pair of adductors nothing can be distinguished. Besides the muscular 
impressions and the septum, there are in both valves some more or less strongly 
cleveloped radiating lines, slightly raised, the meaning of which I do not apprehend. 

These are the characters of the genus ; and it appears obvious that shells bear- 
ing these characters cannot belong to the genus Obolus. Tlie characters of the 
genus Obolus have been admirably illustrated by I^avidson, Quenstedt, Zittel,^ etc. 

We can now compare the Indian shells with Obolus. As regards the larger or 
ventral valve, we find that the cardinal margin is considerably thickened; the 
furrow for the passage of the peduncle is not very broad, and from the inner side of 
it a strong median septum projects and reaches down to about the middle of the 
valve. Of the adductor impressions one pair is situated in the corners between the 
septum and the cardinal margin, and the other on both sides of the median termi- 
nation of the septum. All these are characters in which the Russian shells deviate 
from our Neobolus. The latter has a very little thickened cardinal margin and not a 
trace of a septum, and also the muscular impressions seem to be differently arranged. 

In the dorsal valve also, Obolus presents a very strongly thickened semi-lunar 
cardinal margin, which sometimes bears a slight indication of a furrow in the middle. 
One pair of the adductor impressions is situated immediately below this margin, 
laterally from the middle line; the other pair is to be found about in the middle 


' III Zittel’ft Handbook an error occurs, which might be misleading. On p. 604 of vol. I there is a woodcut of 
OboluSf which is said to represent the interiors of both valves and an exterior view of the smaller one. Now, fig. d, 
which is stated to be the interior view of the smaller or dorsal valve, is in fact a represqntation of the interior of the 
larger or ventral valve, copied from Quoustodt's Petrefactenkunde Deutschland's vol II, pi. 61, fig. 12. There has . 
evidently been a mistake by tUc artist, who copied this figure instead the one immediately at the side of it (fig. 13) 
representing the interior of the smaller or dorsal valve. 



758 


SALT-RANGE FOSSILS. 


of the valve, but rather distant from the middle line, leaving a broad smooth space 
between them. There is not a trace of a septum in this valve. In Neobolus the 
dorsal valve has a thin cardinal margin, provided in the middle with a thick trian- 
gular callosity, from which starts a strong septum reaching to near the front. 

The differences thus indicated are quite sufficient to distinguish between the 
two genera. 

Of other genera of the Obolidee only Schmidtia, Volborth, might perhaps be 
compared, as in this genus also there is in the dorsal valve a slightly raised middle 
line, perhaps comparable to a septum. This genus, however, presents in the ventral 
valve a large area with a deep furrow on it, which is totally wanting in Neobolus. 

The genus is entirely restricted to the Salt-range, and occurs there exclusively 
in those beds which received from Wynne the name of Obolus beds. I can dis- 
tinguish among the materials at my disposal tw'o different species of the genus, 
whiidi will receive the names of Neoh. loarthi and Neoh. wynnei, in honour of the two 
first discoverers of these shells. 


1. Neobolus Wabthi, Waagen, n. gen. et sp.; PI. LXXXIV, figs. 3, 4, 6 , 6 , 7, 8. 

1878. Obolus, 8p. (Stoliezka) Wynne : Geolojjy of the Sali-mnge ; Mem. Geol. Surv. of India, vol. XIV, 
pp. 6S, 87, et ^ 

The general outline of this species is rather difficult to determine, as most of the 
specimens are greatly deformed by pressure. On the whole, however, the outline 
seems to have been about transversely oval, the ventral valve with a slightly promi- 
nent beak, and the dorsal one with a I’ounded cardinal margin. Both valves are 
very flat, but the actual form of their curvature is barely possible to determine on 
account of the deformation the specimens have undergone. The surface of the 
valves is perfectly smooth. 

The ventral valve seems to vary somewhat in outline, which is sometimes well 
and equally rounded on all sides, only the apex being slightly prominent ; sometimes, 
however, there is a distinct cardinal margin developed, which joins the lateral mar- 
gins of the valve under obtuse angles, and ascends from both sides towards the 
apex. In the former variety the greatest breadth of the valve occurs mostly in the 
middle, in the other variety it is to be found more towards the front. As regards 
the curvature of this valve, it seems to be generally even flatter than the other, 
having barely any depth at all. 

The dorsal valve shows quite the same variations in outlinci as the other one ; 
but in this ralve the form with a well-marked cardinal margin is more frequent than 
in the otlicr. In this variety the cardinal margin forms an arcdied line, which joins 
the lateral margins under obtuse angles ; the lateral margins are rather straight 
and then curve somewhat abruptly round to the well-arched front margin. In the 
other variety the cardinal margin is also slightly marked off, but the angles under 
which it joins the lateral margins are so very obtuse as to be almost imperceptible. 
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The lateral margins are well rounded, and Unite imperceptibly with the frdntal one. 
This valve is generally about twice as deep as the other one, and its curvature seems, 
as far as can be observed, very regular in every direction. The apex is barely percep- 
tible, not prominent, and chiefly marked only by the arrangement of the striae of 
growth. 

The surface in both valves is smooth and shining, covered with very numerous 
faint striae of growth parallel to the frontal and lateral margins and curved round the 
apex. 

The substance of the valves is very thin and often has the ashy-blue colour of 
vivianite, a circumstance indicating the presence of phosphorus in their compo- 
sition. 

The interior characters of both valves have been represented in detail in the 
description of the genus. 

In the much-deformed state of these shells it is rather difficult to make exact 
measurements, yet I shall give some indications at least as to the largest ventral (N o. 
I) and the largest dorsal valve (No. II) known to me. The measurements are as 
follow : — 

I. II. 

Entire length . . 10 mm. 9 mm. 

„ breadth ........ 11 ,, 10 ,, 

ThicknesB ......... I „ 2 „ 

No specimen has been found with both valves adhering. 

Locality and geological position . — This is the most common species of the so- 
called Obolus beds of the Salt-range. It occurs in these beds by hundreds, but the 
localities where it has been found are not numerous. At Khewra it is very abundant, 
in the gorge above the salt-mines, not far from the place where the fresh-water 
springs are situated. A small slab of shale, figured on Plate LXXXIV, eontains not 
less than five complete specimens with fragments of several others. Another local- 
ity where the species also occurs, but less numerously, is Jutdna. Chel hill has 
also yielded some fragments which perhaps belong to this speeies. 

Remmks . — The present species is, in its outward appearance, chiefly compar- 
able to Obolus apolUnis, Eichw. Not to speak, however, of the internal differences, 
it is easily distinguishable from the Russian species by its smaller size and much 
thinner shell-substance. 

Another shell, which is in fact very nearly related to the present one, is Neob. 
wynmiy Waagen, to be described next, from which the speeies under de-scription is 
distinguishable by its smooth outer shell-surface, which is concentrically ribbed in 
Neob, toynnei. 


2. Neobolus wrNNEi, Waagen, n. gen. et sp. ; PI. LXXXV, figs. 1, 2. 

This is an extremely pretty little shell, but rather rare. ■ Its general outline is 
very strongly oval transversely. The two valves are not very different, flat, extremely 
thin, and having a very fine concentric sculpture on the outer surface. 
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The Central valve is slightly larger than the dorsal one, nearly quite flat, only 
slightly elevated in the apical region. The apex is pointed and well prominent, but 
not bent over. From the apex the cardinal margin, which is very distinctly marked 
off, slopes towards both sides, and meets the lateral margins under obtuse angles. 
The greatest breadth of the shell is situated not far from the front, and as the 
cardinal border is much shorter, the lateral margins must strongly diverge, but other- 
wise they are nearly straight, not much curved ; not far from the front they bend 
suddenly round and unite with the flatly arched frontal margin. The surface of 
this valve is covered with numerous well-marked strisc of growth, between which an 
extremely line concentric sculpturing may be seen, but only with a strong lens and 
under favourable conditions. This sculpturing consists of very closely arranged, fine, 
erect lamellse extending parallel to the frontal and lateral margins. 

The dorsal valve is somewhat smaller than the ventral one. It is slightly arched 
in the longitudinal as well as in the transverse direction, and is most elevated about 
the middle. The cardinal margin is distinctly marked off and nearly straight. The 
apex is depressed, not prominent, and on the whole barely at all developed. The 
greatest breadth of the valve is placed far down towards the front, and thus the lateral 
margins arc rather strongly diverging. They unite with the cardinal border under an 
obtuse angle and are not much curved ; after a rather sudden bend they join the 
frontal margin, which is very flatly arched. The sculpturing of this valve is very 
similar to that of the other one, only that the striae of growth are much less strongly 
marked. Of the interior characters of this species little is known. In the dorsal 
valve a callosity below the apex and traces of a median septum can apparently be 
observed shining through the very thin semi-transparent shell, but of the interior of 
tlic ventral valve nothing at all is known to me. 

The dimensions of two specimens. No. I, a ventral valve from Jutdna, and 
No. II, a dorsal valve from Khewra, are as follow : — 


I.. II. 

Entire length . G'5 xnm. 6 mm. 

„ breadth G „ 10 „ 

Length of the cardinal margin ...... 7*5 ,, 7 „ 

Entire thick‘'.C8B ........ 1 1*5 „ 

Locality and geological position . — This species is much rarer than the preced- 
ing one ; this may, however, to a great extent be due to the state of preservation. 
The very fine sculpturing which distinguishes this species from the other is easily 
destroyed, and then it is very diflficult to recognise the present form. It has been 
found at Khewra as well as at Jutdna, but at both places only sporadic specimens 
occur, and there are barely any that I could with certainty assign to the present 
species except the two figured specimens. 

Bemarks . — It has already been mentioned that the present species is distin- 
guishable from Neoholus warthi, W., by its surface sculpturing. That this is in 
reality absent in the last- mentioned species, is shown by several specimens, in which. 
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even under a very strong magnifying power, the shell-surface appears shining 
smooth, with occasional very fine strise of growth, whilst in Neobolus wynnei this 
surface is quite different. 


Family: TRIMERELLIDiE. 

This is one of the host described families existing, and the admirable paper by 
Davidson and King on these fossils will always bo considered a standard work. 

It seems unnecessary to repeat hero the very complicated family characters, 
the most striking of which is the existence of a platform in both valves, mostly 
vaulted and hollowed below, on which the muscular impressions are in part situated. 

The genera belonging to the family are not very numerous ; and there is con- 
siderable agreement between different authors as to the genera which ought to be 
considered as belonging to the family. 

Davidson in the last part of his British Fossil Brachiopoda quotes the following 
genera : — 

1. Teiubrella, Billings, 186^: Geol. Surv. of Canada, Palieontology, p. 166, vol. I, fig. 151, 

a. b. 

2. MonomeAella, Billings, 1871 : Canadian Naturalist, new scr., vol. VI, p. 220. 

3. fliiYNOBOLUS, Hull, 1871 : 23rd Regent's Rep. New York State Mus. Nat. Hist., p. 247, pi. 

■ 13, fig. 10. This genus has by most authors bt-en eonsidered identical with TrimcrcUa ; 

and also Davidson and King in their paper on the family place the tyiHi-speeies R/ii/ii. 
galiensis, though with a query, in the genus Trmerella. Recently Mr. Davidson seeius 
to have given up this view, in which 1 perfectly concur with him. lihynoholus seems 1" 
me a well distinguishable genus, holding about the middle between Trimerella and 
Monomerella, with some characters reminding also of Dinobolns, 

4. Dinobolcs, Hall, 1871 : 23rd Regent's Rep. New York Rtate Mus. Nat. Hist., j). 247. 

All these genera are of an exclusively Silurian distribution. 

To these has to be added yet one more genus from the Salt-range, for which I 
shall introduce the name of Davidsonella. Thi.s genus appears to be somewhat re- 
lated to Dinoholus, yet deviating from it very much. That it belongs to the family, 
there can be, it seems to me, but very little doubt, though the shell-substanccs is 
very thin. The platform in the middle of both valves is so distinct, and in the 
ventral valve at least so sinailar to that of Dinobolns, that the family cannot be mis- 
taken. 

There arises, however, the same difficulty with regard to this genus that has 
been discussed already with regard to Neobolus. The beds in which the DaviU- 
sonellce occur in the Salt-range can barely be older than lowcr-carboniforous, and 
we have again a most remarkable re-apparition of the family. The long interval of 
time from the silurian up to the lower- carboniferous would find an adequate ex])re8- 
sion in the far deviating generic characters of the Indian shells. 


B 
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Genus : DAVIDSONELLA, "Waagcn, n. gen. 

I create this name in honour of Mr. Davidson, the greatest living authority on 
Brachiopoda, in order to express once more the great admiration I feel for his un- 
rivalled works. Though his name has been already once connected with a genus 
of Brachiopod, yet it is appropriate that it should also be perpetuated within the 
family of Trimerellida: as being one of the most interesting groups of Bracliiopoda. 

This genus, in comparison with the other genera contained in the family, is 
(!('mj)Oscd of shells of a very small size, and the substance of these shells is extremely 
thin and fragile, in which respect also it differs from other genera of the Trimer- 

The general outline of these fossils is more or less linguloid, longer than wide, 
or to a (!ertain extent transversely trapezoidal. Both valves are slightly vaulted, 
but the ventral one generally more so than the dorsal. At the same time the ven- 
tral valve is also larger, and possesses a prominent apex, which is provided on its 
low'er surface with a deep furrow for the insertion of the peduncle. 

Of the internal characters of the genus the general features are well known to 
me, but the details are yet far from being completely ascertained. 

In the ventral valve the cardinal margin is somewhat thickened, but not suffi- 
ciently so to distinguish an area or a pseudodoitidium. The furrow in the middle is 
very deep. Below there extends a not v(!ry largo triangular platform, hollowed out 
underneath, and supported in the middle by a low partition ; this does not, however, 
extend beyond tjie platform, so that no septum is visible. This platform is shut in 
on both sides by low but distinct rounded ridges. These ridges originate below the 
cardinal margin on both sides of the peduncular furrows and diverge thence under an 
acute angle. They descend in a nearly straight line, as far as the platform extends, 
{Hid then proceeding further in the direction of the frontal margin bend slowly round 
tow'ards the middle line of the valve. platform itself is not quite intactly 

preserved, as its frontal edge is broken, and thus the exact shape of this organ can- 
not be ascertained. In the middle of it, from near the peduncular furrow to the 
lower margin, a narrow flat space extends, hemmed in on both sides by narrow fur- 
rows. This space probably served, in part at least, for the insertion of muscles. 
The lateral parts of the platform are concave, instead of being vaulted as in Trimer- 
ella ; yet they are not fastened to the body of the valve, an excavated space remains 
beneath them. 

Of muscular impressions nothing can be observed. Two large deepened spaces 
along the lateral margins of the valve certainly cannot be taken as such. They have 
been drawn somewhat too distinctly by the draftsman, the general outline especially 
being too shar{)ly marked. It seems to me that these deepened places are rather to be 
taken as the room outside the crescent, so that the somewhat raised inner margin of 
these impressions would represent a part of the crescent itself. From beneath the 
|)latfoim some flue, diverging, radiating raised lines proceed, the meaning of w’hich 
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is unknown to me. The space outside the semi-circular ridges described above is very 
finely striated radially. 

I am sorry that I am not in a position to describe the interior characters of this 
valve more accurately or to give a more exact figure of them, but in chipping off tlie 
stony matter from the inside minute particles of the valve are always removed at the 
same time, and thus the inner surface of the valve is at least so far deteriorated that. 
whRe the general features can be well recognised tin* details are uncertain and un- 
satisfactory. This it is impossible to avoid ; so that to arr.ve at any determination 
regarding these fossils, one must only make the most of the means available. 

The internal characters of the dorsal valve arci V('t more strange than those of 
the other one. The cardinal margin is but little thickened and slightly curved. In 
the middle it bears a thickened shelly process very much resembling the prominent 
tooth in Trimerella iindstromi. This prominencci is dmected somewhat uj)ward 
and inward, and must have extended partly into the apical cavity of the other 
valve. Prom beneath this process a short thickened ]»latform takes its origin ; it is 
not even on top, but to all apj)carance spirally enrolled. It is concave in the 
middle and bears on both sides elevated crests with sloping lateral faces. The 
frontal margin of it is curved inwards, but the whole platform seems to Ix' exca- 
vated below, not solid. From its lateral faces there .start strongly diverging elevated 
ridges which divide into two a very short way from tlmir origin. A median septum, 
which is low at the beginning and highest at its termination not far from the frontal 
margin, proceeds from under the platform. From both ends of the cardinal margin 
elevated ridges take their origin ; starting at rigid, angles from that mai-gin, they 
bend again out towards the lateral margins of the valve. OutsidO of these ridges 
deepened spaces are to be observed, which probably correspond to the similarly 
placed deepeiKid spaces of the other valve. 

In this valve also muscular impressions are not observable, unless them(;dian im- 
pressions on the tooth-like process are to be taken as the scars of the cardinal muscles. 

Such are the characters observed in the two valves. If we make allowance 
for any error due to the bad preservation of the shells, there would still remain tin; 
undoubted facts that there is a platform in both valves, and a cardinal tooth and a 
median septum in the dorsal one, and that the shape of these organs in both valves 
is quite certain. 

But if these points can he taken as well asecutained, the systematic position 
of the genus can no longer be doubtful. The plaU'orm of the ventral valve very 
much resembles in shape the corresponding part of Diuobohis, and the median tooth- 
like process in the dorsal valve may be exactly com])ared to the same organ of 
Trimerella Vmdftlromi. If these parts arc exactly similar, the remaining organs may 
at least be typically compared with similar parts in the Trimerellidcv ; thus there 
remains for me not the slightest doubt tbat the genus must be platted in that family. 

From the other genera of the family the prewmt one is, however, rather diver- 
gent. Already the very thin shell-substance is a character which does not generally 
occur in the TrimerclUdce^ except jierhaps in Dinubulm. The interior characters of 

£ 1 
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Genus : DAVIDSONELLA, Waagen, n. gen. 

I create this name in honour of Mr. Davidson, the greatest living authority on 
Brachiopoda, in order to express once more the great admiration I feel for his un- 
rivalled works. Though his name has been already once connected with a genus 
of Brachiopod, yet it is api)ropriate tliat it should also bo perpetuated within the 
family of Trimerellidcc as being one of the most interesting groups of Brachiopoda. 

Tliis genus, in comparison with the other genera contained in the family, is 
composed of shells of a very small size, and the substance of these shells is extremely 
thin and fragile, in which respect also it differs from other genera of the Trimer- 
cllidcB. 

The general outline of these fossils is more or less linguloid, longer than wide, 
or to a certain extent transversely trapezoidal. Both valves are slightly vaulted, 
but the ventral one generally more so than the dor.sal. At the same time the ven- 
tral valve is also larger, and possesses a prominent apex, which is provided on its 
lower surface with a deep furrow for the insertion of the peduncle. 

Of the internal characters of the genua the general features are well known to 
me, but the details are yet far from being completely ascertained. 

In the ventral valve the cardinal margin is somewhat thickened, but not suffi- 
ciently so to distinguish an area or a pseudodeitidium. The furrow in the middle is 
very deep. Below there extends a not very large triangular platform, hollowed out 
underneath, and supported in the middle by a low partition ; this docs not, however, 
extend beyond tfie platform, so that no septum is visible. This platform is shut in 
on both sides by low but distinct rounded ridges. These ridges originate below the 
cardinal margin on both sides of the peduncular furrow, and diverge thence under an 
acute angle. They descend in a nearly straight line, as far as the platform extends, 
and then proceeding further in the direction of the frontal margin bend sloudy round 
tow'ards the middle line of the valve. The platform itself is not quite intactly 
preserved, as its frontal edge is broken, and thus the exact shape of this organ can- 
not be ascertained. In the middle of it, from near the peduncular furrow to the 
lower margin, a narrow flat space extends, hemmed in on both sides by narrow fur- 
rows. This space probably served, in part at least, for the insertion of mustdes. 
The lateral parts of the platform are concave, instead of being vaulted as in Trimer- 
ella ; yet they are not fastened to the body of the valve, an excavated space remains 
beneath them. 

Of muscular impressions nothing can be observed. Two large deepened spaces 
along the lateral margins of the valve certainly cannot be taken as such. They have 
been drawn somewhat too distinctly by the draftsman, the general outline especially 
V)eing too sharply marked. It seems to me that these deepened places are rather to be 
taken as the room outside the crescent, so that the somewhat raised inner margin of 
these impressions would represent a part of the crescent itself. From beneath the 
|)latfoim some fine, diverging, radiating raised lines proceed, the meaning of which 
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is tinknown to me. The space outside the semi-circular ridges described above is very 
finely striated radially. 

I am sorry that I am not in a position to describe the interior characters of this 
valve more accurately or to give a more exact figure of them, but in chipping off the 
stony matter from the inside minute particles of the valve aro always removed at the 
same time, and thus the inner surface of the valve is at least so far dt'teriorated that 
while the general features can he well recognised the details arc* uncertain and un- 
satisfactory. This it is impossible to avoid ; so that to arr.ve at any determination 
regarding these fossils, one must only make the most of the nutans available. 

The internal characters of the dorsal valve are v(>t more stramre than those of 
the other one. The cardinal margin is hut little thickened and slightly curved. In 
the middle it bears a thickened shelly process very much resembling the promineml. 
tooth in Trimerella lindslromi. This prominciua; is directed somewhat uj)\vard 
and inward, and must have extended partly into the apical cavity of the otlu'r 
valve. From beneath this process a short thickened platform takes its origin ; it is 
not even on top, but to all appearance spirally enrolled. It is concave in llu' 
middle and bears on both sides ebivated crests with sloping lateral faces. The 
frontal margin of it is curved inwards, but the whole platform seems to be exca- 
vated below, not solid. From its lateral faces there start strongly diverging elevated 
ridges which divide into two a very short way from their origin. A median septum, 
which is low at the beginning and highest at its t(*rininatioii not far from the frontal 
margin, proceeds from under the platform. From both ends of the cardinal margin 
elevated ridges take their origin ; starting at right angles from that margin, they 
bend again out towards the lateral margins of the valve. Outside of these ridg(‘s 
deepened spaces arc to be observed, whicdi probably corresj)ond to the similarly 
placed deepened spaces of the other valve. 

In this valve also muscular impressions are not observable, unh'ss the median im- 
pressions on the tootli-like process are to be taken as tlu! scars of the cardinal muscles. 

Such are the characters observed in the two valves. If we make allowance 
for any error due to the bad preservation of the shells, there would still remain the 
undoubted facts that there is a platform in both valves, and a cardinal tooth and a 
median septum in the dorsal one, and that the shap(; of tluise organs in both valves 
is quite certain. 

But if these points can be taken as well ascerlained, the systematic position 
of the genus (!an no longer be doubtful. The platform of the ventral valve very 
much resemhles in shajjc the corresponding part of Dt nobolus, and the m(?dian tooth- 
like process in the dorsal valvo may be exacttly compared to the same organ oi' 
Trimerella Imdftfrdmi. If these ])arts are exactly similar, the remaining organs may 
at least be typically compared with similar parts in the Trinicrellidfc i thus there 
remains for mo not the slightest doubt that the getms must be ))la(!ed in ibat family. 

From the other genera of the family the present one is, however, rather diver- 
gent. Already the very thin shell-substance is a cliaiacter whieli does not generally 
occur in the TnmercUidee, except perhaps in Diuobolus. The interior characters (;f 

li 1 
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tlie ventral valve can also be best compared with those of Dinoholm, though only 
in a general way and not in detail. The internal features of the dorsal valve are 
quite peculiar, and, with the exception of the tooth-like process below the cardinal 
margin, not like anything hitherto described in the TrimerelUda, though on the 
whole comparable in type to Trimerella Undstrbmi ; it thus appears that the genus 
Davidsonclla unites characters which are in other cases distributed between Dinoho- 
l>is and Trimerella. 

Thus the observation recorded above, that the great difference of genera in the 
“ Oholns hod” of the Salt-range from those contained in the Silurian Ofio^ws-hearing 
stmta, indicates the very long time that must have elapsed between the formation 
of the two deposits, is true also in this case. The difference of Davidsonella from the 
r(!main(lcr of the genera of the TrimerelUdce appears even greater than the differ- 
ence's of these from each other ; so that in this case also it is clearly indicated that 
the Salt-range Oholm bed is much more I’ccent than silurian, — a fact that is also 
borne out by the geological data, as described above (p. 8). 

The genus is represented in the Salt-mngc by two species, which will hear the 
respective names of Davidsonella Unguloides, W., and Davids, squama, W. Of 
these the first is not very rare, hut the second has been detected up to the present 
only in one or two specimens. 


1. Davidsonella LIN GTJLOiDEs, Waagen, n. gen. et .sp. ; Iff. LXXXV, figs. 8, 4,5, G. 

The general outline of this species is mostly linguloid, somewhat longer than 
u id(‘, the gr(;atest breadth being situated about in the middle of the valves. The two 
valves are different in size, the ventral one longer with a pointed apex, and the dorsal 
shorten’. Both arc about equally vaulted, but never very strongly. The external 
surfaec is smooth, with the exception of very fine and very closely set striae of growth. 

The ventral valve is flatly but very r(!gularly vaulted. The margins are rather 
flatly spread out; thence the valve rises gradually towards the apical region, 
which is the most elevated part of the valve. This elevation, however, does not 
('xeeed 1 millimeter. The outline of the valve is elongately oval, with a distinctly 
defined cardinal border. I’lic apex is marginal, and the cardinal margin forms a broken 
line, the most prominent point coinciding with the ajjex; it unites with the lateral 
margins under distinctly obtuse angles. The latter present regular flat curves, and 
unite gradually with the equally well rounded frontal margin. The apex is pro- 
minent, and provided on its lower side with a narrow, no very distinct area, which 
bears in the middle a very deep but not broad furrow for the insertion of the 
peduncle. Of the internal features the most conspicuous are the curved ribs which 
start from below the apex, and apparently surround the visceral i)art of the valve. 
That the lateral impressions have been incorrectly represented in fig. 6, on pi. 
LXXXV, has been noticed already in the description of the genus. The represent- 
ation in the enlarged figure (fig. 36) is more correct. 



PnODUCTUS-LIMESTONE.— BRACniOPODA. 765 

The dorsal valve is a little less strongly vaulted than the ventral one, hut, its 
curve is also very regular. In this valve, however, the apex is not the most 
elevated part ; the greatest elevation is situated at a certain distance from the ajiex, 
more near the middle of the valve. The outline of the valve is very regularly 
rounded with the exception of the cardinal border, which is nearly quite straight, 
only very slightly arched, and much shorter than the greatest bread th of the valve ; 
it joins the lateral margins under obtuse angles. All the remainder of the outline 
forms a regularly curved line, there being no demarcation In'twccn the lateral and 
frontal margins. The apex is only marked by the arrangement of the very nunici-- 
ous fine striae of growth ; it is not prominent in any way. It is quite niai-ginnl, 
situated immediately at the cardinal border. 

The interior characters of this valve hav(; been discussed in detail in the de- 
scri])tion of the genus. 

The substance of the shell is very thin. With the exception of the nunn'rous 
striae of growth the shell seems to he quite smooth, and I cannot d(‘teet citlw'r punc- 
tures or granulations. 

As to size, the present species is one of the most conspicuous shells contained in 
the so-called “ Obolus beds,” though the form shows very modc'rate dimensions in 
comparison with other TrimercUklfC. The measurcmients of two specimens from 
Jutaua (No. I, a ventral and No. II, a dorsal valve) arc as follow : — 


I. II, 

Eiitirp lon^th of tlu* hIicH 12 jniri. 8’5 nmi. 

„ breadth of tho nholl ........ 11 ,, 

Leii^Ui of the cardinal border ....... 7 <> „ 

ThicUnoss of the valve ........ 1*25 (j’75 ,, 


The dimensions arc, however, very variable, as these shells ar(', like all the others 
occurring in the same beds, suliject very much to deformations by pres.sure. 

Locality and geological position . — There are several reasons why it aj)pears 
very difficult to give numerical indierttions as to the frequency of this speeie.s. A.s 
has just been stated, these shells are very much subject to deformations by pnvssure, 
and then the general outline cannot bo made us(5 of for the dchirmiuation of speci- 
mens in whudi the interior characiters are not visible. These latter arc, however, 
extremely rare, and thus the evidence of the occurrence of the species at difl’erent 
localities is very scanty. It would seem that the species was not rare in tin? '' Obolus 
beds” at Jutfina ; hut, as the determinations were mostly taken only from the out- 
ward appearance of the fossils, they cannot he entirely relied upon. So much, how- 
ever, is certain, that the species is apparently much more rare or even nearly ah.si‘nt 
at K-hewra, above the salt-mines. 

Hemarlcs . — There is no sj)ccics to which the present one could lie more particu- 
larly compared. That the species belongs to the Trimerellidrc is, I think, not very 
doubtful. The deviation from other forms of the same family is, however, very 
oomplcte, and indicates again the very long space of time which must have elapsed 
since the existence of the silurian Trimercllids. Already in Ncobolus we had onl y 
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dwarfed forms of the silurian types. This pygmean condition is still more conspicu- 
ous in the species of Davidsonella, It is not only that the size, which is very con- 
spicuous in the silurian Trimerellidce, has dwindled down to an absolute insignificance 
but also the solid, or even ponderous, shell of the silurian species has been changed 
into one of the thinness of paper. The shell thus becomes in outward appearance 
very similar to Lingula — a fact which recalls very much certain cases of atavism ; 
the TrimerelUdcB beyond doubt took their origin from Lingula, and here we see 
them return again in their outward appearance to that genus during the last stages 
of their existence. 


2. Davidsonella squama, Waagen, n. gen. et sp. ; PI. LXXXVI, fig. 1. 

This is a very rare species. Its general outline is somewhat trapezoidal, with a 
broadly rounded front and a very short indistinctly defined cardinal border. The 
shell surface is smooth, with a slightly indicated radial folding. 

The ventral valve, the only one that is known to me, is nearly quite flat, but 
very little vaulted, though this flatness may partly he due also to a compression the 
shell has sustained. The cardinal border is very short and arched, passing gradually 
into the straight lateral margins. These diverge very strongly and, after a certain 
distance, bend round to join the rather flatly and broadly curved frontal margin. 
The apex is but little prominent, pointed, and overhangs slightly the cardinal border. 

The surface of the shell is ornamented with many not very sharply developed 
striae of growth, crossed by a very faint radial plication, which is chiefly observable 
at the lateral parts of the valve, being entirely absent in the middle. It consists of 
broad flattened folds, separated by narrow furrows. With a powerful lens an 
extremely fine concentric striation can be observed. 

Of the interior characters of the shell very little is known to me, as it seemed 
impossible to expose the inner surface. In the specimen at my disposal there can, 
however, be seen through the thin shell the two curved ribs which enclose between 
them the vis(!eral part of the shell, and which are characteristic of. the ventral 
valve of Davidsonella. 

Other parts, which also are slightly indicated on the outside of the shell by a 
difference of shading, cannot be made out as to shape, etc., and therefore cannot be 
identified. 

The species is one of the largest occurring in the “ Oholm beds” of the Salt-range, 
and tlie measurements of the single existing specimen, a ventral valve, are as follow : — 

Entire length of the valve . . . . . . . ^3 nitn. 

„ breudlh „ >» ......... 14‘6 „ 

Approximate length of the cardinal border ...... 6*5 „ 

Thicknoee of the valve .......... 1 ,, 

Locality and geological position. — This species was originally represented by 
two specimens in the Salt. range collection, both ventral valves only, but unfortu- 
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nately one of them was broken in trying to expose the inner surface. Both 
specimens were found by Mr. Wynne in the so-called Obolm bods at Juttina. 

Remarks . — The present species is very nearly related to the preceding one, but 
can easily be distinguished by its very short and indistinct cardinal border, and 
little prominent apex. 

That the species belongs to the genus Davidsonclla cannot be subject to any 
doubt; though I have not succeeded in cleaning the interior surface of one of 
the specimens, yet what can be seen shining through the shedhsubstance is sufli- 
cient for the determination of the genus. 

Family: LINOXJLILJ:. 

This is the most long-lived family among all the molluscs and niolluscoids, as 
the well-known oldest forms of organised beings belong to this family, and from 
the very dawn of organic life it extends through all the periods uj) to recent times. 

Though it is to be supposed that in this extremely extended period of existence 
the family must have been exposed to the most varied outw;ird conditions evc'r 
experienced by single forms of organic hfe, yet the range of variahilily within the 
family is smaller than in most other families, and in TAmfuUt itself oven the generic 
characters have been retained through all the stretch of time from the silurian to 
the present period. This is one of the strongest facts that have laam brought to the 
notice of biologists, and one which evolutionists are absolutely at a loss to explain. 
It very strongly suggests the notion that the real reasons for the variation and evo- 
lution of organisms arc yet far from being known to us, and that, though the out- 
ward conditions may have a great influence, yet they are certainly not the sob* 
reason and cause for the variation of animals, as certainly as the “survival of the 
Attest” is not the sole reason for the persistency of certain variations. Else we 
must be prepared to admit that is one of the “fittest” animals that <*V(‘r 

was produced, as under all the changes of conditions that it had to endure, it sui‘- 
vived thousands and millions of other beings which had apparently a far greater 
ability to adapt themselves to changed circumstances. 

Howsoever this may be, the family comprises a very compact little group of foims, 
which are rather with diflBculty distinguishable from each other. Davidson, in the last 
part of the British Fossil Bratdiiopoda, admits the following genera in the family : — 

1. Lingula, Braguii're, 1792: Eticycl. Method. I, pi. 2.'i0. Silurian to rK-ent. 

2. Lingitlklla, Salter, 18(!1»: Mem. Geol. Surv. Great lirit., vol. Ilf, p. Ji:53. Cambrian. 

3. LiNGUi.BPiS, Hall, 1H63 : 16th Hep. Regent’s State Cab, Nat. Iliet. Now York, ji. 129, 

pi. VI, figs. 15-16. Cambrian. 

4. Glottidia, Dali, 187(1 : Atner. Journ. of Coiichol., vol. VI, p. 157, pi. VllI, tigs 1-(1. Recent. 

5. Glossina, Phillips, 1818 : Mem. G<‘o1. Surv. Great Rri( , vol. II, p. 370. Cambrian, silurian. 

6. Dignomia, Hall, 1871 : 23rd Rep. Ilegcnt’B State Cab. Nat. Hist. Nf w >. ork, ji. 21.'>, pi. XllI, 

fig. .3. Silurian. 

7. Lingulops, Hall, 1871 : 23rd Rep. Regent’s State Cab. Nat. Hist. Xeu fork, p. 215, 

pi. XIll, figs. 1-2. Silurian. 
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One sees from this list that by far the greater part of the genera lived during 
Cambrian and silurian times, whilst in the mesozoic and cainozoic formations only 
the genus Lingula existed, and to that genus only the genus Qlottidia is added in 
the present period. From this it appears that the variability of the shells belong- 
ing to the genus was by far greater in the most remote periods than later. 

I regret to say that I am not in a position to add much to the knowledge of 
this family from observations made on the materials from the Salt-range. There are 
amongst them some shells which possibly might belong to the genus Lingtila, but 
they are extremely rare, and this scarcity prevented me from studying the inside of 
these shells, so that their determination as Lingula: must be accepted with great 
caution. But as there is as little to suggest that they might belong to any other 
genus, I place them provisionally with Lingula. 

There are two different forms which I associate with Lingula, but each of them 
might belong even to a different genus, as one possesses a kind of cardinal border, 
while the other has none ; but, as I know nothing of the interior, they may as well 
both stand in the genus Lingula. 

Genus; LINGULA, Bruguifere. 

The outward appearance of this genus is very characteristic. The shells are 
nearly always smooth, elongatcly oval, with not quite equal valves, the ventral one 
somewhat larger, with a small area, and the doi’sal one smaller, but also pro- 
vided with a kind of very small area, for the insertion of the peduncle. Both 
valves are rather flat, but very little vaulted. 

These outer characters are very characteristically exhibited by two shells occur- 
ring in the “ Obolua beds ” of the Salt-range ; and chiefly their very elongated oval 
shape causes me to consider them as Lingula:. 

Of the interior characters of these shells nothing is known to me ; so the deter- 
mination must remain doubtful. 

Though only two specimens are available, yet they must be attributed to two 
different species, as one has an entirely smooth shell, and the other slight indications of 
a radial folding. Both arc very small, and in this respect they both recall rather the 
carboniferous and permian species than the large Lingulse of more ancient formations. 

1. Lingula kiueensis, Waagen, n. sp. ; PI. LXXXVI, fig. 8. 

The general outline of this species is strongly elongately oval, with a rather 
distinctly defined cardinal border, which is considerably shorter than the greatest 
breadth of the shell. 

The ventral valve, the only one known to me, is very flatly but very equally 
vaulted. The most elevated part is, however, not at the apex, but a little removed 
from it, somewhat more towards the middle of the valve. The apex is entirely 
marginal, prominent, pointed, and overhanging the cardinal border. The cardinal 
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margin forms sloping straight lines on both sides of the apex, which join the 
lateral margins under not very sharply defined obtuse angles. The lateral margins 
are rather strongly diverging, and but very little curved, nearly straight. After 
a certain distance they bend slowly round and join the semi-circular frontal margin. 

The surface of the shell is quite smooth, only provided with tolerably numer- 
ous obtuse striae of growth. 

Of the interior characters of the dorsal valve as little is known to me as of its 
shape and characters. 

The dimensions of the single existing specimen are as follow : — 


Entire length of tho shell ........ nini. 

„ breiidth 7 „ 

Length of the dirdimil liorder ......... 4 ,, 

Thickness of tho shell .......... 1'5 „ 


Lonality and geological position, — The only existing specimen of this species 
W'as collected by myself at Khewra above the salt-mines, not far from tlie fresh- 
water springs, in the so-called Obolus bed. 

Mcmarks. — In size the present species appears to be rather nearly related to 
Lingula mytiloides, Sow., from the carboniferous-limestone, or Lingula credneri, 
Gein., from the permian formation. The former (ispecially has in its general outline a 
certain similarity, in as much as tho greatest breadth of the shell is shifted from the 
middle more towards the front, hut the Indian form is altogether broader, and not 
so much elongated as the English species. 

There is no other species with which the present one could he more particularly 
compared. 


2. Lingula, wauthi, Waagen, n. sp. ; PI. LXXXVI, fig. 9. 

This species is rather regularly elongate- oval, without a demarcated cardinal 
border. Besides this, it is characterised by a not v<!i 7 distinct radial plication. 

I cannot decide whether tho specimen from which this description is drawn 
up is a ventral or a dorsal valve. 

The specimen is elongately oval, somewhat narrowcu’ in tho apical than in 
the frontal region. The cardinal border is rather narrowly rounded, imperceptibly 
joining the lateral margins, which are diverging and nearly quite straight, only very 
little arched. The frontal margin is very flatly arelied, but joins the lateral margins 
■with a rather sudden bend. The whole valve is nearly quite flat, only very little 
vaulted. It is highest in the apical region. Not far from the. apex a broad shallow 
sinus commences, and augmenting in breadth extends to not far from the frontal 
margin, but then disappears. Tho apex is rather obtuse, not prominent. On 
both sides of it thickened processes seem to extend interiorly, as can be seen through 
the transparent shell. 

F 
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The surface of the shell is provided with few distant striae of growth, which 
are crossed on the lateral parts of the shell by an irregular indistinct, radial folding, 
producing an irregular reticulation of the shell surface. 

Of the internal characters of this shell nothing is known to me. 

The measurements of the only existing specimen are as follow : — 


Entire length of the Hholl ......... 8 mm. 

Greatest breadth of the shell (not far from the front) ...... ,, 

Breadth in the cardinal region ......... 4 »» 

Entire thickness of the sholl ......... I 


Locality and geological position . — The only specimen of this species that has 
been found up to the present was collected by myself at Khewra above the salt- 
mines in the so-callcd “ Obolus beds.** 

Remarks . — For a long time I was very much inclined to take this shell as the 
dorsal valve of the pi’eceding species, but after a lengthened consideration I decided 
to consider it as a separate species. The chief reason which caused me to do so was 
the existence of a reticulation on the lateral parts of the present shell, a character 
which does not exist in Ling, kiurensis. It is not quite probable that the two 
valves of one and the same species should so far deviate from each other in the 
sculpturing, and, as the two specimens were not found in cdose proximity, to suggest 
their belonging to the same individual, I preferred to consider the two as different 
species. 

I know of no European species with which the present one could be more closely 
compared. 




I'LATE LX XXI I. 

I’RODUCTUS-LIMESTONE. 

Figure 1. lliCHTiiOFKNiA LAWRENciANA, Koii., sj)., p. 730. Longitudinal sficli Oil through 

a portion of the shell-suhstanee of the larger valve, strongly enlarged, from 
the lower Pi’oductus-limestone of Amb ; internal ; external side ; ly 
lower ; upjier part. 

2. PnoDucTus iNDicus, Waagen, n. sp., p. 087. Mieroscopical section through 

the shell-substance (median layer), parallel to the surface, showing the 
terminations of the oblicjuely ascending canals. 

3. Deubyia GRANDis, Waageii, n. gen. et sp., p. 507, 3^7, longitudinal section 

through the shell-substance, vertical to the surface; e, external; /, internal 
side, the figure showing the external and the internal coating layer, and the 
median layer pierced by irregularly bending canals. 3Z», section parallel to 
the surface, showing thnn^ of the radial ribs, with some rock-matter between ; 
the latter is lined on both sides hy the external coating layer. At botli 
ends of the figure the median layer is ox]) 0 .sed, showing the terminations of 
the canals. The canals are much finer than in Product us, 

4. Caljl-EOLA sANDauna, Lam., from the devonian of the Eifel. Longitudinal 

section through a portion of the larger valv(^ ; i, internal ; e, external side ; 
fig. 4^, seen without rtansmitted light; with transmitted liffht. 

5. Rauiomtes, sp., from the Gosau-formation of the Neue-Welt, near Vieuiua. 

Longitudinal section through a portion of the shell-substance of the larger 
valve ; #, internal ; e, external side. 









PLATE LXXXIIA, 

PRODUCTUS-LIMESTONE. 

Figure J. Richthopenu lawebnciava, Ron., sp., p. 7S6. Portion of the shell-substanoe 

of the larger valve, section parallel to the surface, strongly enlarged. 
Owing to the unevenness of the shell, the cysts are partly exposed. In 
those places where the outer shell-layer is cut really parallel to the surface, 
the perforated granules, of two sizes, can he seen, whilst in other places, where 
the shell-lamella is cut obliquely, the canals in connection with these 
granules are distinguishable. The organs exhibiting a radial structure are 
probably sections of the polygonal straight tubes, figured PI. LXXXIII, 
fig. 17. 

2, Ricuthofenia eaweenciana, Kon., sp., p. 736. Portion of the sholl-substancc 
of the larger valve j vertical section through the thickened shell part at both 
ends of the hinge-line, inejuding the upper margin of the shell, strongly 
enlarged. To the left, above, is the thickened shell-margin, which bears the 
pallial impression ; below are the entrances of some of the hollow tubes, 
which appear further down on the shell as root-like processes. The middle 
part of the figure is occupied by a greatly thickened compact shell-mass, 
then comes the cystiferous layer, and at last the outer coating layer, 

8. Richthofenia uawrenctana, Kon., sp. Dorsal valve and surrounding parts 
enlarged twice, to show the granulations with which all is covered ; from the 
lower Productus-limestone of Amb. 

4. RrcHTHOFENiA SINENSIS, Waagen, n. sp., p. 742. Specimen from the upper- 
carboniferous beds of Lo-ping in China (original in the Berlin Museum) ; 
4a, from below, to show the form of the partition ; 44, view from the 
hinge-line, the partition above and parts of the area and pseudodeltidium 
exposed ; 4c, cardinal part of the smaller valve of the same specimen. All 
three figures enlarged twice. 
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PLATE LXXXIII. 

PRODUCTUS-LIMESTONE. 


Richthofenu lawrenciana, Kon.^ sp., p. 736. 

ligure 1. Silicified specimen from the upper region of the middle Productus-limestone of 

Musakheyl : la, view of the animal-chamber straight from above ; \b, the 
same slightly oblique from the front; \c, interior side of the smaller valve 
of the same specimen. 

2. Sj^cimen from the lower Productus-limestone of A mb : view from above, 

showing the external side of the smaller valve well preserved. 

3. Specimen from the lower Productus-limestone of Amb, showing a longitudinal 

striation on the outer surface of the larger valve. 

4. Large specimen from the middle Productus-limestone of the Chittawan lateral 

view. 

5. Small specimen from the lowest beds of the middle Pj»oductus-limestone of 

Katta : large valve seen from below, showing the place of attachment. 

6. Specimen from the lower Productus-limestone of Amb, cut through from the 

hinge-line to the front. 

7. Sjoecimen from the xjoral-bcds of the middle Productus-limestone, showing a 

natural section through the larger valve parallel to the hinge-line, and not far 
from that line. 

8. Specimen from the lower Productus-limestone of Amb, cut through parallel to 

the hinge-line, but at a considerable distance from that line. 

9 & 10. Fragmentary specimen from the middle Productus-limestone of the Chittawan ; 

9, natural transverse section through the lower part of the animal-chamber ; 

10, rather oblique section immediately below the animal-chamber. 

11. Sj>ecimcn from the lower Productus-limestone of Amb; transverse section 

through the lower part of the larger valve. 

12. Fragincniary large valve of a specimen from the middle Productus-limestone 

of the Chittawfin ; view from below, at a fracture exposing one of the par- 
titions, 

lu. Fragmentary specimen from the same bed and locality as the preceding : view 
from below, showing irregular partitions. 

14. Specimen from the middle Productus-limestone of Musakheyl : impression of 

the interior side of the smaller valve. 

1 5. Partial internal cast of a specimen from the middle Productus-limestone of 

Musakheyl: 15^, view of the area and pseudodeltidium ; 15?^, view from 
above, showing the impression of the smaller valve. 

1 6. Fragmentary sj>ecimen from the middle Productus-limestone near Khewra : view, 

from the hinge-line, the outer coating layer of the shell being removed, and 
thus the cystiferous layer exposed to view; 16a, natural size, 16i, the 
same enlarged. 

17. Weathered part of the shell of a specimen from the upper Productus-limestone 
(Cephalopoda bed) of Jabi, showing the straight polygonal tubes, extending 
in an obliquely ascending direction through the cystiferous shell-layer 
enlarged about four times. 

1 S. Enlarged pari of the surface of the specimen represented in fig. 3. 

19. Enlarged representation of the punctation of the outer shell- layer of a speci- 
men from Musakheyl. 








PLATE LXXXIV, 

PRODUCTUS-LIMESTONE, 

Figures 1—2. Cardinociiania indica, Waagcn, n. gon. ct sp., p. 740. Fig. a ventral 
valve of Spirifer mtisahhelemuy Dav.> with two specimens of the ventral 
valve of Cardinocrania indica on it, from the middle Productus-limestone 
of Morah; 1^, natural size; IJ, the same strongly enlarged. Fig. 2, a 
fragment of Sienoporay with a specimen of the ventral valve of Cardinocrania 
indica on it, from the CephalopodaAiQ^ of the upper Productus-limestone of 
Jabi ; 2a, natural size; 2A, the same strongly enlarged. 

3—8. Neobolus warthi, Waagcn, n. gen. et sp., p. 758. Several specimens from 
the Oholm beds^^ of Khewra: Fig. 8, ventral valve, external side ; 3«, natural 
size; 3^, the same enlarged. Fig. 4, ventral valve, external side, much 
deformed by pressure, natural size. Fig. 5, dorsal valve, external side ; oa, 
natural size; 5^, same enlarged. Fig. 0, ventral valve, internal side, 
strongly enlarged. Fig. 7, dorsal valve, internal side, strongly enlarged. 
Fig. 8, piece of rock, containing four dorsal and one ventral valve of the 
species. 



Ifid.Surv ol'liKlia 


SALT- RANGE FOSSI LS. 


PI r..\,\X!v 






PLATE LXXXV. 

PRODUCTUS-LIMESTONE. 

Figures 1 — 2. Nkobolus wynnbi, Waagen, n. gen, ot ep., p. 759. Fig. 1, Bpecimen of the 

ventral valve from the Obolns beds, of Khewra, external view ; \a, natural 
size ; \b, the same enlarged ; \c, part of the surface yet more strongly 
enlarged. Fig. 2, specimen of the dorsal valve from the Oholus beds of 
Jutana; 2a, natural size; 25, the same enlarged; 2c, part of the surface 
yet more strongly enlarged. 

S— 6 . Davidsonella linquloibes, Waagen, n. gen. et sp., p. 764. Pour specimens 
from the Obolua beds of Jutdna : Fig. 3, ventral valve, with partly pre- 
served shell, external view ; 3a, natural size ; 85, the same strongly enlarged. 
Pig. 4, dorsal valve, somewhat broken at the margin to the right, external 
view; 4a, natural size; 45, the same strongly enlarged. Pig. 5, dorsal 
valve, internal side, strongly enlarged. Pig. 6, ventral valve, internal side, 
strongly enlarged (the lateral impressions are much too strongly expressed 
and too distinctly circumscribed in this figure ; they are more of the 
chapter as indicated on the impression fig. 35). 






PLATE LXXXVl. 


PRODUCTUS-LIMESTONE. 

l'ii;ur< 1. Daviusonella squAMA, Waagcn, n. gen. et ep., p. 766. Well-preserved 

specimen of the ventral valve from the “ Obolut beds’^ of Jutana: la, 
natural size ; lb, the same strongly enlarged. 

2 — i. Scmzoi'iious ETJGOSA, Waagcn, n. gen, et sp., p. 763, Three specimens from 
the “ Obolm beds '' of Khewra. Fig. 2, dorsal valve, external side ; 2a, 
natural size; 24, the same strongly enlarged. Fig. 8, dorsal valve of 
another specimen, external view ; 8a, natural size ; 34, the same strongly 
enlarged ; the foramen at the top is only eaused by the apex being broken. 
A’ig. ventral valve, external size ; 4a, natural size ; 44, the same enlarged ; 
4«, lateral view, enlarged; 4d, view of the area, enlarged. The form of the 
apex is not quite certain, as it is much deformed by pressure. 

7. Discinolkpis oeanulata, Waagen, n. gen. et sp., p. 760. Pig. 6, speeimen 

of the ventral valve from the “ Obolim beds ” of Khewra. External view, 5a, 
natural size ; 64, the same enlarged. Fig. 6, specimen of the ventral valve 
from the “ Obolus beds ” of Jutdna, external view ; 6a, natural size; 64, the 
same enlarged. Fig. 7, fragment of a dorsal valve, probably belonging 
to this species, from the “ Obolux beds " of Khewra, strongly enlarged. 

8. LiNcitu (?) KTURENSis, Waageu, n. sp., p. 768. Sjwimen from the “ Obolm 

beds ’’ of Khewra : 8a, natural size ; 84, the same enlarged. 

it. LiNcaji.A (?) WARTHi, Waagcn, n. sp., p. 769. Specimen from the “ Obolus 
beds ” of Khewra ; Oa, natural size, 94, the same enlarged, 
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